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ABSTRACT 
This t h e s i s i n v e s t i g a t e s the e f f e c t of the Bradford-Hutt system 
of s e l e c t i o n f o r e s t r y management, known as B - Plan, on the ground 
f l o r a of the Tavistock Woodlands i n Devon and Cornwall, England. 
A f t e r a review of c o n t i n e n t a l s e l e c t i o n f o r e s t r y systems, the Bradford-
Hutt system and i t s economic, prod u c t i o n and e c o l o g i c a l advantages 
are described. 
The study was conducted i n f o u r phases. F i r s t l y , the canopy 
types were described. Then the ground f l o r a was examined and r e l a t e d 
to canopy type, past h i s t o r y and management. Secondly, a v e g e t a t i o n a l 
community g r a d i e n t was i d e n t i f i e d and examined i n r e l a t i o n t o the 
environmental g r a d i e n t s , canopy c l o s u r e and s o i l moisture and t o 
e f f e c t s of B - Plan management. The e f f e c t s of B - Plan management 
on the shrub l a y e r s were then i n v e s t i g a t e d . T h i r d l y , the e f f e c t 
of B - Plan management on the l i g h t c l i m a t e was studi e d using 
hemispherical photographs and v a r i a t i o n s i n l i g h t were r e l a t e d t o 
d i f f e r e n t stages of the B - Plan system. F o u r t h l y , the seed bank 
and the phenology of c e r t a i n ground f l o r a species were examined, 
Successional changes i n the ground f l o r a and i n the seed bank 
w i t h i n c r e a s i n g m a t u r i t y of the areas under B - Plan management 
were i d e n t i f i e d . The system was found t o create a mosaic of 
v e g e t a t i o n a l communities at d i f f e r i n g successional stages w i t h i n 
the space of the basic B - Plan management u n i t of 18 x 18m. Unl i k e 
the successional changes over time i n n a t u r a l woodlands or even-
aged p l a n t a t i o n s , these changes i n areas under. B - Plan management 
occur i n space as w e l l as time. 
This sustained y i e l d system of commercial f o r e s t r y management 
which resembles the t r a d i t i o n a l coppice w i t h standards system, was 
found t o have a b e n e f i c i a l e f f e c t on ground f l o r a d i v e r s i t y and 
abundance. The system deserves more widespread adoption i n woodland 
s i t e s which r e q u i r e the i n t e g r a t i o n of amenity value, economic r e t u r n 
and an e c o l o g i c a l l y balanced ecosystem. 
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tJO. 
Front i s p i e c c . The T a v i s t o c k Woodlands w i t h B r a d f o r d Plan u n i t s 
set i n t o a mature Douglas f i r (Pseudotsuga menzies i i ) 
canopy. The i m p o r t a n c e o f the l i g h t environment under 
B r a d f o r d P l a n management i s shown by the p e n e t r a t i o n 
o f l i g h t i n t o t h e c l e a r e d s u b - u n i t . 
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CHAPTER 1. SELECTION FORESTRY AND THE BRADFORD-HUTT SYSTEM 
1.1. I n t r o d u c t i o n 
Since 1959, a system of s e l e c t i o n f o r e s t r y , the Bradford-Hutt 
continuous canopy system of f o r e s t r y management, known as B - Plan, 
has been implemented i n the Tavistock Woodlands Estat e , i n Devon and 
Cornwall. The aim of t h i s t h e s i s i s t o study the e c o l o g i c a l e f f e c t s and 
possible b e n e f i t s of adopting the system i n terms of the woodland 
ground f l o r a . 
The system, developed by the l a t e Lord Bradford and h i s c h i e f 
f o r e s t e r , P h i l i p H u t t , was the r e s u l t of t h e i r concern t h a t c u r r e n t 
f o r e s t r y management p r a c t i c e s i n Great B r i t a i n , which were l a r g e l y 
organised on a c l e a r - f e l l system, were not f u l f i l l i n g c e r t a i n important 
e c o l o g i c a l c r i t e r i a . As Peterken (1981) s t a t e s : 
"The e s s e n t i a l c h a r a c t e r i s t i c of modern f o r e s t r y i s i t s 
p u r s u i t of high p r o d u c t i o n by means of i n t e n s i v e management 
and t h i s b r i n g s i t i n t o c o n f l i c t w i t h nature c o n s e r v a t i o n , " 
(p. 198) 
B - Plan i s a modern c o n i f e r o u s f o r e s t r y system, which shows 
some resemblance t o e a r l i e r sustained y i e l d management systems, which 
were employed d u r i n g the h i s t o r i c a l p e r i o d . U n t i l the 1800's, manage-
ment i n v o l v e d c a r e f u l husbandry and regarded woodland as a c o n t i n u o u s l y 
renewable resource. The o b j e c t i v e of sustained y i e l d was w r i t t e n 
i n t o the management plan of Hayley Wood. Ox f o r d s h i r e , 600 years ago 
(Rackham, 1.975). The t r a d i t i o n a l management of woods i n v o l v e d manipu-
l a t i n g the n a t u r a l v e g e t a t i o n of a s i t e t o y i e l d a succession of 
wood products and tre e s were replaced by n a t u r a l r e g e n e r a t i o n from 
coppice shoots, suckers and seed, r a t h e r than by p l a n t i n g (Rackham, 
1980a), However, modern f o r e s t r y i s not a development from t r a d i t i o n a l 
woodmanship. 
"Modern f o r e s t r y , i n B r i t i s h p r a c t i c e , i n v o l v e s p l a n t i n g an 
a r b i t r a r i l y - c h o s e n t r e e crop, u n r e l a t e d t o the n a t u r a l 
v e g e t a t i o n and r e - p l a n t i n g i t a f t e r each harvest." (Rackham, 
1980b: p.9) 
This i s u n l i k e modern f o r e s t r y i n Scandinavian and many c o n t i n e n t a l 
c o u n t r i e s , where an understanding and a n a l y s i s of the n a t u r a l v e g e t a t i o n 
plays an important r o l e i n s i l v i c u l t u r a l management. ( N o i r f a l a i s e 
and Dethioux, 1970; Genssler, 1982; Mikola, 1982; Goldsmith et a l 1 9 8 2 . ) 
Here, continuous cover w i t h sustained y i e l d and n a t u r a l r e g e n e r a t i o n , 
i f p o s s i b l e , i s a primary aim of f o r e s t r y management (Knuchel, 1953; 
Paterson, 1958; Reade. 1969; Peterken. 1981), 
Since 1600, i n B r i t a i n , c l e a r - f e l l i n g has coexisted w i t h t r a d i t i o n a l 
woodmanship, but i n the l a s t 100 years, ' t r e e - f a r m i n g s i l v i c u l t u r e ' 
(Peterken, 1981) has overtaken and excluded the 'gentle husbandry' 
(Rackham, 1980a) of the past. I n response t o t h i s , d u r i n g the 1950's, 
Lord Bradford and P h i l i p Hutt sought to devise a management system 
which would conserve the woodland ecosystem w h i l e a l l o w i n g commercial 
e x p l o i t a t i o n of c o n i f e r o u s f o r e s t . They saw the e c o l o g i c a l l y undesirable 
f e a t u r e s of c u r r e n t f o r e s t r y management as: 
1. p l a n t i n g of monocultures, l e n d i n g themselves p o t e n t i a l l y 
open to the r a p i d spread of disease, 
2. exposure of s o i l a f t e r c l e a r - f e l l i n g , c r e a t i n g the l i k e l i h o o d 
of s o i l e r o s i o n . 
3. v i r t u a l e l i m i n a t i o n of the ground f l o r a over large areas 
under developing and mature c o n i f e r o u s stands. 
4. r e d u c t i o n of species d i v e r s i t y i n the ground f l o r a , 
5. adverse e f f e c t s on the v i s u a l landscape of even-aged 
co n i f e r o u s p l a n t i n g , g i v i n g r i s e t o negative p u b l i c r e a c t i o n . 
The second p o i n t was seen as a p a r t i c u l a r problem on the T a v i s t o c k 
Woodlands Estate, where many of the slopes i n the Tamar V a l l e y are 
very steep, o f t e n as great as 25" and the r a i n f a l l i s high (1336mm/year; 
Hogan, 1977). On steep slopes, c l e a r - f e l l i n g can lead to long-term 
changes i n the s t r u c t u r e and biogeochemistry of the woodland ecosystem 
(Borraann and Likens, 1979). 
2 
The t h i r d and f o u r t h p o i n t s represent the prime focus of t h i s 
t h e s i s . Lord Bradford and P h i l i p Hutt f e l t t h a t i t must be p o s s i b l e 
to create a commercially v i a b l e f o r e s t r y system which would conserve 
the e c o l o g i c a l i n t e r e s t of the ground f l o r a and i t s d i v e r s i t y . 
The f i f t h f e a t u r e was seen as: 
the f a m i l i a r r e a c t i o n against regiments of c o n i f e r s marching 
across the h i l l s i d e s . " (Peterken, 1981: p. 198) 
This i s e s p e c i a l l y s i g n i f i c a n t i n the Tamar and Tavy V a l l e y s , 
where the T a v istock Woodlands are s i t e d . The woods are e a s i l y a c c e s s i b l e 
t o the p u b l i c and adjacent t o one of the major h o l i d a y routes t o 
Cornwall ( P l a t e 1,1). 
1.2. S e l e c t i o n f o r e s t r y and the Bradford-Hutt system 
To Lord Bradford and P h i l i p H u t t , c o n t i n e n t a l s e l e c t i o n f o r e s t r y 
seemed t o o f f e r a management s t r a t e g y which had the p o t e n t i a l t o r e c o n c i l e 
c onservation with- economic e x p l o i t a t i o n (Wigston, 1976), S e l e c t i o n 
has been described as: 
"an a r t i f i c i a l l y s t a b i l i s e d development phase of the n a t u r a l 
f o r e s t , u n a f f e c t e d by man ..." ( K i l s t l e r , 1956: p. 154) 
1.2,1, S e l e c t i o n f o r e s t r y i n Europe and elsewhere 
The s e l e c t i o n f o r e s t r y methods employed i n Europe have a long 
pedigree, o r i g i n a t i n g i n the haphazard f e l l i n g of i n d i v i d u a l t r e e s 
which was common i n the Middle Ages (Troup, 1952). This e x p l o i t a t i v e 
s e l e c t i o n f e l l i n t o d i s r e p u t e because i n s t e a d of enhancing the f o r e s t 
by f e l l i n g poor q u a l i t y t r e e s , l e a v i n g the s u p e r i o r ones t o grow on 
and produce seed, the best t r e e s were selected l e a v i n g the poorer ones 
to reproduce. The Darmstadt Ordinance of 1776 and the Baden Forest 
Law of 1833 both p r o h i b i t e d s e l e c t i o n i n a r e a c t i o n against the 
e x p l o i t a t i v e s e l e c t i o n of the past (Troup, 1952). As a r e s u l t , i n 
P l a t e 1.1. T a v i s t o c k Woodlands as seen from the A390 at Gunn i s l a k e , 
Cornwall 
many European f o r e s t s , the uniform system, i n v o l v i n g c l e a r - f e l l i n g 
and shelterwood systems, replaced t h i s k i n d of p r i m i t i v e s e l e c t i o n . 
Examples of the range of types of s e l e c t i o n f o r e s t r y i n Europe and 
elsewhere are presented i n Table 1.1. 
Shelterwood systems 
I n shelterwood systems, a compromise between c l e a r - f e l l i n g and 
t r u e s e l e c t i o n , the o r i g i n a l stand i s cleared i n se v e r a l * r e g e n e r a t i o n 
c u t t i n g s ' . This a f f o r d s continuous cover of the s o i l , as i n B - Plan, 
but not an uneven-aged stand. The aim i s t o e s t a b l i s h the new stand 
by n a t u r a l r e g e n e r a t i o n i n the la r g e gaps created i n the o r i g i n a l canopy. 
C u r r e n t l y , i n the 'uniform* shelterwood system i n Northern France 
(Table 1.1.), f o r e s t e r s may use up to s i x successive f e l l i n g s c a r r i e d 
out over 30 - 40 years, although 2 - 3 c u t t i n g s i s more usual (Goldsmith 
et a l ^ 1982). During the rege n e r a t i v e c u t t i n g s , the stand i s uneven-
aged and the new crop can have an age range of anything between seedlings 
and 40 years (Evans, 1982), When n a t u r a l r e g e n e r a t i o n proves incomplete, 
i t i s augmented by p l a n t i n g , f o r example, oak i n the Foret de Compiegne 
(Evans, 1982). This has the r e s u l t of shor t e n i n g the re g e n e r a t i o n 
period to 10 - 20 years and c r e a t i n g a more even-aged stand w i t h o n l y 
2 or 3 r e g e n e r a t i o n c u t t i n g s . U l t i m a t e l y , the o r i g i n a l seed t r e e s 
are removed and the canopy grows together t o appear more or l e s s the 
same age (Peterken, 1981). Several other shelterwood systems, such 
as the 'group' and ' i r r e g u l a r shelterwood' systems are popular i n C e n t r a l 
Europe and vary from the French 'uniform shelterwood' system i n the 
t i m i n g and number of successive f e l l i n g s (Peterken, 1981) (Table 1,1.). 
The Plenter and the Femelschlag systems 
Although c l e a r - f e l l i n g has been accepted i n lowland S w i t z e r l a n d , 
a system producing a mature 'normal' f o r e s t age s t r u c t u r e has always 
been favoured i n the mountains (Knuchel, 1953; Reade, 1969). Both 
Table 1 1. Examples of s e l e c t i o n and continuous cover f o r e s t r y systems 
Country & Place System Tree Species Reference 
-
Great B r i t a i n 
D a r t l n g t o n Woodlands, Group & s i n g l e 
D a r t i n g t o n , Devon tr e e s e l e c t i o n , 
y i e l d t a b l e 
c o n t r o l l e d 
Large mix i n c l u d i n g 
Douglas f i r , red cedar, 
western hemlock. Sequoia 
Japanese l a r c h , sweet 
chestnut, beech 
Howell et 
al . , 1982 
Rossie P r i o r y , 
Dundee 
Single t r e e 
s e l e c t i o n , 
e m p i r i c a l l y 
c o n t r o l l e d 
Deciduous mix of 
sycamore, beech, 






Single t r e e 
s e l e c t i o n -
Bradford Plan, 
check c o n t r o l l e d 
Douglas f i r , red cedar, 
western hemlock. 
Sequoia, Corsican and 
Scots pine, oak and 
beech 
H u t t , 1975 
Weasenharo 
N o r f o l k 
New Wood, Single t r e e 
s e l e c t i o n , 
e m p i r i c a l l y 
c o n t r o l l e d 
Coniferous mix of 
Douglas f i r , Scots 
pine, l a r c h , red 
cedar, western hemlock, 
Abies spp., red oak, 
sweet chestnut, b i r c h 
Paterson, 
1958 
A u s t r i a 20% of a l l S i l v e r f i r , beech, 
f o r e s t s s e l e c t i v e , a n d Norway spruce 
p a r t i c u l a r l y no-
y i e l d p r o t e c t i v e 
ones i n the mtns. 





d i s t r i c t 
Single t r e e , 
sustained y i e l d , 
( P l e n t e r ) 
o r i g i n a t e d from 
B i o l l e y , 1892 
and l a t e r Ammon, 
ge n e r a l l y 'check' 
c o n t r o l l e d . 
30% of a l l 
f o r e s t s 
S i l v e r f i r , 










Zuric h near 
Schaffhausen and i n 
lowlands areas 
Group (Femel) 
s e l e c t i o n and 
regener a t i o n 
c u t t i n g 
Deciduous Reade, 1969; 
Fourchy, 
1953 
Table 1,1. (Cohtd.) 
Country & Place System Tree Species Reference 
Switzerland (Contd,) 
Couv'et ( B i o l l e y ) Check c o n t r o l 
method 
S i l v e r f i r , spruce, 
beech 
Schaffer 
et a i , , 1957. 
Belgium 
Hautfays Beech 
S e l e c t i o n Forest, 
Ardennes 
Single t r e e 
s e l e c t i o n , 
'check' 
c o n t r o l l e d 




( o r i g i n a t e d 
from B i o l l e y , 
i n 1892) 
France 
Jura, Vosoges Single t r e e 
s e l e c t i o n , 
S i l v e r f i r , spruce Knuchel, 1953; 
Troup. 1952 
Aleppo pine f o r e s t . 
South France 
p r o t e c t i o n f o r e s t 
(Jardinage) 
Group s e l e c t i o n 
to prevent f i r e 
Pine Troup, 1952 
Jura, Auvergne Single t r e e 
s e l e c t i o n , 
c o n t r o l l e d by 
'check' method 
S i l v e r f i r , spruce, 
beech, w i t h other 
secondary species 
Schaeffer et 
a i . 1957 
( o r i g i n a t e d 
w i t h Gurnaud 
i n 1870) 
Foret de Compiegne, 
Foret de Belleme, 
& Foret D'Eawy i n 
the n o r t h of France 
'Uniform s h e l t e r - Oak and beech 
wood' regenera-
t i o n f e l l i n g , s i x 
c u t t i n g s over 30 





Vallee de I'Ognon, 
Besancon i n the 
Doubs 
As above 
'Uniform s h e l t e r -
wood' regenera-
t i o n f e l l i n g , 
t h r e e stage 





s e s s i l e oak w i t h 
some beech and 
hornbeam 
Goldsmith 
et a l , , 1982 
Goldsmith 
et a l . , 1982 
Table 1.1. (Contd.) 
Country & Place System Tree Species Reference 
France (Contd,) 
AuBusson Communal Single t r e e S i l v e r f i r , beech. Paterson, 
Forest s e l e c t i o n , Norway spruce 1958 
c o n t r o l l e d by a 
'check' method 
using Schaeffer-
D'Averney c l a s s i -
f i c a t i o n curve 
Bicarrosse, Landes Single t r e e Maritime pine f o r Peterken, 
s e l e c t i o n , r e s i n p r o d u c t i o n 1981 
e m p i r i c a l l y 
c o n t r o l l e d 
Germany 
Wurtemberg p r i v a t e ( P l e n t e r and S i l v e r f i r , spruce,• Troup, 1952; 
f o r e s t s Femel) 10% of a l l beech Knuchel, 1953 
f o r e s t s i n 1920 
s i n g l e t r e e 
s e l e c t i o n , 'check 
c o n t r o l l e d . 
3% of a l l south K S s t l e r , 
German f o r e s t s 1956 
i n 1956 
Scandinavia S e l e c t i o n Pine and mixed pine K f i s t l e r , 
systems, s i n g l e and spruce 1956; 
t r e e s e l e c t i o n Smith, 1962 
I n d i a and Burma P r i m i t i v e Broadleaves Troup, 1952 
e x p l o i t a t i o n 
s e l e c t i o n 
U.S.A. 
Southern S i e r r a S t r i p - s e l e c t i o n Mixed c o n i f e r s i n c l u d i n g Dunning, 1928 
Nevadas s i m i l a r t o s t r i p - sugar and ponderosa pines , i n Smith, 
shelterwood incense cedar and white 1962 
except a l l age f i r 
classes created 
Crossett Experimental Single t r e e L o b l o l l y and s h o r t - Reynolds, 1959 
Forest, Arkansas s e l e c t i o n l e a f pine i n Smith, 1962 
Northern C a l i f o r n i a Single t r e e Coast redwood F r i t z , 1951 
s e l e c t i o n i n Smith,. 1962 
Table 1.1. (Contd.) 
Country and Location System Tree Species Reference 
U.S.A. (Contd.) 
South West Improvement Ponderosa pine Pearson, 
s e l e c t i o n 1942, 1950 
c u t t i n g (group 
s e l e c t i o n f o r 
b e e t l e c o n t r o l ) 
New England Group s e l e c t i o n Old-growth n o r t h e r n G i l b e r t & 
hardwood f o r e s t w i t h Jensen, 1958 
sugar maple, beech, i n Smith, 
& y e l l o w b i r c h 1962 
the very steep slopes and the extreme c l i m a t i c c o n d i t i o n s make a 
continuous canopy a n e c e s s i t y . The s e l e c t i o n system provides the best 
p r o t e c t i o n from s o i l e r o s i o n , drought e f f e c t s and damage by wind and 
snow and hence i s p a r t i c u l a r l y a p p r o p r i a t e f o r mountain f o r e s t s , 
e s p e c i a l l y i n the high regions of the Alps ( K i J s t l e r , 1956; Peterken, 
1981), The 'Plenterwald' of the Thun d i s t r i c t of Switzerland are managed 
by a s e l e c t i o n system which i s a r e f i n e d form of shelterwood (Peterken, 
1981), The woods are c o n t i n u o u s l y thinned and regenerated i n the 
i n d i v i d u a l gaps and as a consequence there i s no s p a t i a l s e p a r a t i o n 
of age classes. 
This 'Plenter' system i n the Emmenthal, Thun i s described by 
Ammon, f o r many years the c h i e f s t a t e f o r e s t e r and a strong proponent 
of s e l e c t i o n f o r e s t r y , as 'optimum stepwise canopy c l o s u r e ' (Reade, 
1969: p. 206). There should be " r o o t s in* every l a y e r of s o i l " (Reade, 
1969: p, 206). "One should be unable t o see great distances through 
the wood and there should not be any f r e e space w i t h o u t c h l o r o p h y l l " 
(Fourchy. 1953: p. 60), 
A 2% cut of the growing stock each year, w i t h a lO-year t h i n n i n g 
c y c l e , l e a v i n g 80% of the p r e v i o u s l y growing stock, describes the 
'Plenter' system i n p r a c t i c e . Under more extensive management, a 
'Plenter' stand can have 60% of i t s growing stock l e f t a f t e r t h i n n i n g . 
I n c o n t r a s t , the 'Femelschlag' system (group s e l e c t i o n ) i s p r e f e r r e d 
i n the lowlands of S w i t z e r l a n d , where 20% of the growing stock i s l e f t 
a f t e r l o c a l i z e d f e l l i n g of s m a l l , i r r e g u l a r l y spaced groups (Fourchy, 
1953), I n Germany the 'Femelschlag' has come t o mean a more r e g u l a r 
p a t t e r n of group s e l e c t i o n f o r the c r e a t i o n of regeneration centres 
(Fourchy. 1953). 
Both these systems r e l y on n a t u r a l r e g e n e r a t i o n f o r r e s t o c k i n g 
and so must s e l e c t t r e e species w e l l adapted to a p a r t i c u l a r s i t e . 
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I n the main, t h i s means n a t i v e species and those e x o t i c species from 
homologous l i f e zones ( H o l d r i d g e , 1966), which also regenerate f r e e l y . 
S i l v e r f i r (Abies a l b a ) , Norway spruce (Picea abies) and beech (Fagus 
s y l v a t i c a ) are the p r e f e r r e d species i n the Emmenthal and many o t h e r 
s e l e c t i o n f o r e s t s (Table 1.1.). The s i l v e r f i r . r e g e n e r a t e s f r e e l y 
under the spruce, w h i l e the beech i s s h a d e - t o l e r a n t , improves the s o i l 
and keeps weeds i n check. I t i s favoured f o r these q u a l i t i e s , even 
though i t does not always produce good timber ( H i l e y , 1954). The n a t u r a l 
r e g e n e r a t i o n a r i s e s i n groups, but as i n d i v i d u a l t h i n n i n g progresses, 
t h i s s t r u c t u r e disappears r e s u l t i n g i n no s p a t i a l s e p a r a t i o n of age-
classes (Peterken, 1981), 
The 'check' method 
C o n t r o l l i n g the frequency and i n t e n s i t y of f e l l i n g can be a great 
problem i n these s e l e c t i o n woods, although some small ones can be managed 
wi t h o u t keeping d e t a i l e d records and measurements. (For example, 
Table 1.1., Weasenham New Wood, N o r f o l k and Rossie P r i o r y , Dundee.) 
A more s c i e n t i f i c r e g u l a t i o n of cut by volume i s w i d e l y employed i n 
c o n t i n e n t a l European woods. This i s known as the 'check method'. 
Knuchel (1953) and Paterson (1958) describe t h i s y i e l d c o n t r o l method 
i n d e t a i l . I t i s based on a f u l l i n v e n t o r y o f the numbers o f t r e e s 
i n each s i z e c l a s s , p e r i o d i c 'checks' of the"increment i n these classes 
and the c a l c u l a t i o n of p r o d u c t i o n w i t h reference to volume t a b l e s . 
The Tavistock Woodlands Estate uses a form of the 'check method', and 
i s i n the process of preparing i t s own management t a b l e s , as the B r i t i s h 
F o r e s t r y Commission t a b l e s f o r even-aged stands are not s u i t a b l e . 
A few o t h e r areas i n Europe have.been managed on a s e l e c t i o n 
basis (Table 1.1.), Smith (1962) claims t h a t s i n g l e - t r e e s e l e c t i o n 
has f a i l e d as a means of r e g e n e r a t i n g and managing Norway spruce i n 
Scandinavia, I n North America, a system of ' s e l e c t i v e l o g g i n g ' where 
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l a r g e d e s i r a b l e t r e e s were p e r i o d i c a l l y removed has been employed i n 
some l o c a t i o n s . The r e s u l t s have been u n s a t i s f a c t o r y , and the f o r e s t s 
have d e t e r i o r a t e d due t o t h i s negative s e l e c t i o n pressure. This has 
been p a r t i c u l a r l y t r u e i n v i r g i n Douglas f i r stands of the P a c i f i c 
Northwest ( H i l e y , 195A; Smith. 1962). I n the C h i l t e r n Beechwoods, 
England, f o r hundreds of years, negative s e l e c t i o n by timber merchants 
forced the abandonment of s e l e c t i o n f o r e s t r y (Troup, 1952; H i l e y , 1954; 
Roden, 1968; Peterken, 1981). 
Current s e l e c t i o n systems i n B r i t a i n 
I n 1943, a s e l e c t i o n experiment was begun at D a r t i n g t o n H a l l 
Woodlands as a r e s u l t of a v i s i t which W i l f r e d H i l e y , then c h i e f f o r e s t e r . 
made to Couvet, S w i t z e r l a n d . 
" I t has been my good f o r t u n e to manage such woods (uneven-aged) 
and I have- found t h a t , i f p r o p e r l y handled, they are not o n l y 
i n t e r e s t i n g , p r o f i t a b l e and b e a u t i f u l , but t h a t they provide 
a constant and c o n t i n u i n g source of mature timber which can be 
reaped wi t h o u t d e v a s t a t i o n , and f r e q u e n t l y w i t h o u t the n e c e s s i t y 
of r e p l a n t i n g " ( H i l e y , 1954: p. 106). 
A recent Royal F o r e s t r y Society v i s i t t o D a r t i n g t o n Woodlands 
described North Wood, where H i l e y implemented h i s group s e l e c t i o n system 
as: 
"... p r o d u c t i v e woodlands of great beauty and v a r i e t y " 
( L e a t h a r t . 1983: p. 238). 
I n the 1950's, the o r i g i n a l Douglas f i r , s i l v e r f i r , and beech 
were underplanted by groups of western hemlock and Douglas f i r w i t h 
sweet chestnut as both a s o i l improver and f o r timber i n h a l f - a c r e 
blocks (Harley, pers. comm.). The group s e l e c t i o n compartment i s s t i l l 
maintained as such and i s valued f o r i t s a t t r a c t i v e n e s s , the wood enc l o s i n g 
a nature walk, as w e l l as f o r the prime timber i t produces ( L e a t h a r t , 
1983). More r e c e n t l y p a r t of North Wood has been managed under a s i n g l e 
stem s e l e c t i o n system. Only a small area i s i n v o l v e d (0.6 a c r e ) , but 
i t appears to be t h r i v i n g ( H a r l e y , pers. comm.). 
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There are two other known s i n g l e stem s e l e c t i o n woods i n B r i t a i n 
(Table l . i . ) . A mixed deciduous stand of 15 acres i s found at Rossie 
P r i o r y Estate, Dundee and a mixed c o n i f e r o u s stand of 56 acres, at 
Weasenham New Wood, N o r f o l k , The volume of timber e x t r a c t i o n from 
both woods i s determined s u b j e c t i v e l y , but Paterson (1958) suggests 
there i s a need f o r i n v e n t o r i e s and increment c a l c u l a t i o n s i n such 
woods as the stands, which were i n the process of conversion t o s e l e c t i o n , 
became more i r r e g u l a r . Wilderness Wood, 61 acres, i n the Sussex Weald, 
i s i n the e a r l y stages of the implementation of B - Plan. However, 
B - P l a n i s only being e s t a b l i s h e d w i t h i n a small 15 acre pine p l a n t a -
t i o n (Yarrow, pers. comm.). 
1.2,2. The development of B - P l a n i n the context of the c o n t i n e n t a l 
s e l e c t i o n systems 
Lord Bradford and P h i l i p Hutt saw three major obstacles i n a p p l y i n g 
c o n t i n e n t a l s e l e c t i o n systems t o B r i t i s h f o r e s t r y c o n d i t i o n s : 
1) Such systems r e l y h e a v i l y on r e g e n e r a t i o n of n a t i v e 
c o n i f e r o u s species. N a t u r a l r e g e n e r a t i o n i n B r i t a i n i s 
not r e l i a b l e , due to c l i m a t i c c o n d i t i o n s and what can only 
be described as 'economic impatience'. The French are 
prepared t o wait as long as 30 years f o r r e g e n e r a t i o n 
t o occur a f t e r a r e g e n e r a t i o n f e l l i n g (Goldsmith et aL., 
1982). 
2) With s i n g l e t r e e s e l e c t i o n , e x t r a c t i o n and management 
can cause problems. For example, at D a r t i n g t o n , some 
of the smaller t r e e s had to be f e l l e d i n a l i n e t o enable 
e x t r a c t i o n of the mature t r e e s . This r e s u l t e d i n the l o s s 
of valuable growing stock (Howell et a l . , 1982). 
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3) I n the Alps, a r o t a t i o n can extend t o two hundred years 
( H u t t , 1976). Here, p r o t e c t i o n against severe e r o s i o n , 
avalanches and wind takes precedence over economically 
productive s h o r t e r r o t a t i o n s . The economics of B r i t i s h 
f o r e s t r y , based on the net discounted revenue concept, 
compelled them t o consider the time r e q u i r e d to give a 
maximum f i n a n c i a l r e t u r n ( L o r r a i n - S m i t h , 1969). 
The c u r r e n t methods employed i n the Bradford-Hutt system of 
continuous canopy f o r e s t r y (B - P l a n ) developed from a s e r i e s of 
experiments designed t o overcome these three problems. The f i r s t 
experiment took place i n Shropshire on Lord Bradford's esta t e at 
N e s c l i f f e . P l a n t i n g was adopted i n s t e a d of r e l y i n g on n a t u r a l regener-
a t i o n . A geometric p a t t e r n (Figure 1.1.) was adopted f o r p l a n t i n g and 
e x t r a c t i o n and rackways f o r e x t r a c t i o n were b u i l t i n t o the system. 
Maximum f i n a n c i a l y i e l d was accommodated w i t h i n the system by choosing 
a maturation p e r i o d of 50 - 55 years f o r the main species grown, 
Pseudotsuga m e n z i e s i i (Douglas f i r ) . Thuja p l i c a t a (Western red cedar) 
and Tsuga h e t e r o p h y l l a (Western hemlock). The f i r s t B - Plan p l a n t i n g s 
began i n the Tavistock Woodlands e s t a t e i n Blanchdown Wood i n 1959-60. 
1.3. A d e s c r i p t i o n of B - Plan 
The e a r l y experiments at N e s c l i f f e were based on a m o d i f i c i a t i o n 
of the 'check-control' system (ICnuchel, 1953) and s i n g l e stem s e l e c t i o n . 
Lord Bradford and P h i l i p Hutt found t h a t , i n a d d i t i o n t o the e x t r a c t i o n 
problems, the random, s i l v i c u l t u r a l l y - b a s e d s e l e c t i o n of t r e e s i n c l u d i n g 
removal of poor q u a l i t y t r e e s , those w i t h poor growth, over-mature 
t r e e s and u l t i m a t e l y the f i n a l crop t r e e s , created d i f f i c u l t i e s i n 
achieving a continuous s e l e c t i o n f o r e s t w i t h the proper balance of 
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Figure 1.1. Schematic r e p r e s e n t a t i o n of a B 
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Plan u n i t a t the end of 
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should have a t y p i c a l J-curve f o r the size/numbers r e l a t i o n s h i p as 
shown i n Figure 2,2. ( H u t t , 1976). 
1.3.1. The B - Plan u n i t 
The s o l u t i o n which emerged was to create numerous i n d i v i d u a l 
u n i t s w i t h i n a f o r e s t , each 18 x 18m i n s i z e (Figures 1.1. and 1.2.). 
Each 324m^  u n i t was t o be subdivided i n nine p l o t s or s u b - u n i t s , each of 
6 X 6m. This l a t t e r f i g u r e approximated to the crown area of a mature 
t r e e ( P l a t e 1.2.). 
For e x t r a c t i o n purposes, rackways, four metres i n w i d t h , between 
rows of i n d i v i d u a l u n i t s were b u i l t i n t o the plan (Figure 1.2.). These 
would a l l o w heavy machinery t o operate w h i l e m i n i m i s i n g damage d u r i n g 
management•and e x t r a c t i o n ( P l a t e 1.3.). The next important aspect 
of the plan i s the s p i r a l p l a n t i n g scheme. A 54 year r o t a t i o n w i t h i n 
2 
each 324ra block i s used. A f t e r i n i t i a l clearance of the e x i s t i n g canopy, 
s t a r t i n g i n the c e n t r a l s u b - u n i t , nine small t r e e s are planted. Six 
years l a t e r , nine more t r e e s are planted i n an adjacent s u b - u n i t , then 
s i x years l a t e r nine more i n the next sub-unit and so on up t o 54 years 
(Figure 1.1.). 
A f t e r a sub-unit has been growing f o r 24 years, the nine t r e e s 
are t h i n n e d , so t h a t by 36 years, there i s only one mature i n d i v i d u a l 
l e f t . This i s the f i n a l crop t r e e f o r t h a t s u b - u n i t . 
Once the c y c l e i s f u l l y e s t a b l i s h e d , the p a t t e r n should be as 
shown i n Figure 1.1. and the cycle begins again once the f i r s t t r e e 
has been harvested. Thus when the system i s complete, one mature t r e e 
comes out of each successive sub-unit approximately every s i x years. 
The next important p o i n t was t h a t because of shading e f f e c t s , 
w i t h a d u l t t r e e s so close to immature i n d i v i d u a l s , the most commonly 












Figure 1.2. Schematic r e p r e s e n t a t i o n 
rackways and r i d e 
of B - Plan w i t h u n i t s , sub-units. 
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P l a t e 1.2. B - P l a n u n i t 
P l a t e 1.3. B - P l a n rackway 
IS 
and Lodgepole or Corsican pine (Pinus c o n t o r t a / n i g r a ) , could not be 
used. Ins t e a d , three shade-tolerant species were chosen: 
a) Douglas f i r - Pseudotsuga m e n z i e s i i 
b) Western red cedar - Thuja p l i c a t a 
c ) Western hemlock - Tsuga h e t e r o p h y l l a 
1.3,2. The B - P l a n system i n p r a c t i c e 
The previous s e c t i o n has described the B - P l a n model i n t h e o r y . 
However, s e v e r a l a d d i t i o n a l p o i n t s need t o be made about i t s a p p l i c a t i o n 
i n p r a c t i c e i n the Tavistock Woodlands: 
1) The system has been set i n t o an e x i s t i n g mature canopy of e i t h e r 
Douglas f i r (Pseudotsuga m e n z i e s i i ) , pine (Pinus s y l v e s t r i s 
and Pinus n i g r a ) , l a r c h ( L a r i x spp. ( h y b r i d s ) ) , spruce (Picea 
s t i c h e n s i s , Picea abies) o r oak (Quercus x rosacea). 
This i s the c u r r e n t commercial t r e e crop ( P l a t e 1.4.). 
2) Although the u n i t s appear t o be l a i d out i n s t r a i g h t l i n e s 
i n the t h e o r e t i c a l model, the e f f e c t s of t e r r a i n and the 
l a y o u t of e x i s t i n g r i d e s and p l a n t i n g make i t f a r more 
v a r i a b l e i n p r a c t i c e and acceptable i n landscape terms. 
Nevertheless, the 18 x 18ra u n i t s themselves are r i g o r o u s l y 
•adhered t o . 
3) The system was f i r s t set up i n the l a t e 1950's and e a r l y 
1960's, so t h a t the maximum stage reached by 1986 i s 
stage V (27 y e a r s ) . 
4) The s p i r a l p l a n t i n g scheme (Figure 1.1.) has the advantage 
of c o n t r o l l i n g or 'sharing out', the a v a i l a b l e l i g h t , which 
i s important as l i g h t can be a l i m i t i n g f a c t o r i n s e l e c t i o n 
management. I n a d d i t i o n , the f i x e d p a t t e r n i s e a s i l y 
recognisable on the ground by f o r e s t workers. A stake marks 
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P l a t e 1.4. B - Plan u n i t i n mature P i c e a s i t c h e n s i s canopy -
quadrat 14 
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the centre of each newly planted sub-unit and can be moved 
to the next one s i x years l a t e r . 
5) Experience and net-discounted revenue c a l c u l a t i o n s have 
shown t h a t the optimum time t o int r o d u c e B - Plan i n t o 
an e x i s t i n g p l a n t a t i o n managed according t o c l e a r - f e l l 
p r i n c i p l e s i s at the f i r s t t h i n n i n g , around 18 years o l d . 
I n T a v i s t o c k Woodlands, the system has i n the main been 
introduced i n t o w e l l - e s t a b l i s h e d stands. Although B - Plan 
and o t h e r s e l e c t i o n systems are more w i n d - f i r m than even-
aged p l a n t a t i o n s due t o the s t o r i e d canopy and layered r o o t 
systems (Dyer, pers. comm.; Harley, pers. comm.; Troup, 1952; 
H i l e y , 1954; Reade, 1969), opening up a mature even-aged 
canopy can cause wind-throw problems. However, once the 
f i r s t t hree-sub-units are e s t a b l i s h e d , t h i s danger i s past and 
the stand achieves the gr e a t e r wind-firmness c h a r a c t e r i s t i c 
of s e l e c t i o n f o r e s t s . 
1.4. The Ta v i s t o c k Woodlands Estate 
The Tavistock Woodlands Estate comprises approximately 900 hectares 
and l i e s i n the Tamar and Tavy v a l l e y s , 10 miles n o r t h of Plymouth 
(Figure 1.3.). Most of t h i s research was completed i n Blanchdown-, 
Grenoven and H a n g i n g c l i f f Woods (Figure 1.4.), 
1,4,1. H i s t o r y 
From the d i s s o l u t i o n of the Tavistock Abbey i n 1539 u n t i l 1956, 
the e s t a t e was owned by the Russell f a m i l y who l a t e r became the Dukes 
of Bedford, The main study s i t e s at Blanchdown, Grenoven and H a n g i n g c l i f f 
Woods (Figure 1.5.) were mainly oak coppice w i t h standards and small 
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F i g u r e 1.5. H i s t o r i c a l map I - T a v i s t o c k Woodlands 
timber groves. R e l a t i v e l y continuous records of woodland management 
were kept from the 16th century and are now lodged i n the Devon Records 
O f f i c e , the Bedford Estate Archives and the Bedford County Records 
O f f i c e . Documents- are a v a i l a b l e d a t i n g from 1557 u n t i l 1956, The 
records before 1700 are, i n the main, b i l l s of sale f o r the coppice 
wood. I n a d d i t i o n to these b i l l s , from 1700 onwards, there are records 
of l a b o u r i n g a c t i v i t i e s and of the sale of timber and wood products. 
More d e t a i l e d accounts were kept from the e a r l y 1800's u n t i l the present. 
P l a n t a t i o n s of n a t i v e hardwoods and e x o t i c c o n i f e r s began g r a d u a l l y 
to replace the coppice i n the e a r l y 1800's. However, small p a r t s of 
the study s i t e are s t i l l r e l i c coppice and timber groves (Figures 1.5. 
and 1.6.). From the 1800's u n t i l 1950, a l a r g e area of farmland and 
heathland i n the centre of Blanchdown Wood (Figure 1.5.) had also been 
a f f o r e s t e d (Hamilton,' pers.' comm.). 
The study area of Blanchdown and Grenoven Woods was a f f e c t e d 
by mining a c t i v i t i e s from 18AA - 1903. .Blanchdown Wood (Figure 1.4.) 
was the s i t e of the Devon Great Consols Mine, which i n the p e r i o d 1861 
to 1870 produced 16% of the t o t a l world p r o d u c t i o n of copper and 50% 
of the world's supply of arsenic (Booker, 1971). The arsenic r e f i n i n g 
i n Blanchdown Wood between 1860-1901 produced fumes which stunted and 
even k i l l e d many trees". The s p o i l heaps from mining a c t i v i t i e s s t i l l 
remain today. 
With the exception of two small areas planted i n 1813 and 1863, 
the present-day c o n i f e r o u s canopy i n Blanchdown and Grenoven Woods 
has been planted at vari o u s dates throughout t h i s century (Figure 1.6.). 
Pine (Pinus s y l v e s t r i s / n i g r a ) . Larch ( L a r i x spp.), S i t k a spruce (Picea 
s i t c h e n s i s ) , Norway spruce (Picea abies) and Douglas f i r (Pseudotsuga 
m e n z i e s i i ) have a l l been p l a n t e d , o f t e n i n pure stands. The remaining 
areas of neglected coppice are i n the south-west corner of Blanchdown 
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F i g u r e 1.6. H i s t o r i c a l map I I - T a v i s t o c k Woodlands 
Wood and i n Grenoven Wood (Figure 1.6.). Records of woodland management 
p r a c t i c e s such as c l e a r i n g , p l a n t i n g and t h i n n i n g have been kept by 
the e s t a t e throughout t h i s p e r i o d . 
1.4.2. S o i l s 
With the exception of some small areas of a l l u v i a l gleys (Conway 
s e r i e s ) , next t o the River Tamar, a l l s o i l s are e i t h e r acid brown pod-
s o l i c s ( D a r t i n g t o n and I v y b r i d g e s e r i e s ) or brown earths over coarse 
loamy g r a n i t i c d r i f t (Gunnislake s e r i e s ) . A map of s o i l d i s t r i b u t i o n 
i s presented i n Figure 1.7. Most of Blanchdown and Grenoven Woods 
are u n d e r l a i n by the D a r t i n g t o n Series which are stony, f i n e loamy 
and f i n e s i l t y brown podsolic s o i l s o v e r l y i n g head composed of s l a t e s 
and s l a t y shales. Under the woodland, there i s a t h i n surface accumula-
t i o n of m u l l or moder humus. The pH values are g e n e r a l l y low due to 
the parent m a t e r i a l s and leaching through a c i d l e a f l i t t e r (Hogan, 1977). 
Large pyrophosphate e x t r a c t a b l e Fe and A l contents support c l a s s i f i c a t i o n 
as t y p i c a l brown podsolic s o i l s . 
S o i l s of the I v y b r i d g e s e r i e s are s i m i l a r , except that they e x h i b i t 
some g l e y i n g . They have a l i m i t e d d i s t r i b u t i o n w i t h i n Grenoven Woods 
(Figure 1.7,). For both s o i l s , pH values l i e between 4.0 and 5.5. 
Values f o r pH of s o i l samples taken from quadrats l o c a t e d i n the i n i t i a l 
survey of the woods v a r i e d between 5.06 and 3.85, w i t h a mean of 4.53 
f o r the A hor i z o n and between 5.77 and 4.01, w i t h a mean of 4.65 f o r 
the B ho r i z o n . Percentage s o i l moisture was also recorded i n t h i s 
survey w i t h values of between 15 - 30% over the wood. 
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F i g u r e 1.7. A s o i l map o f the T a v i s t o c k Woodlands s t u d y area (adapted 
f r a n Hogan, 1977) 
CHAPTER 2. THE PRODUCTION, ECONOMIC AND ECOLOGICAL ADVANTAGES OF 
THE BRADFORD PLAN 
CHAPTER 2. THE PRODUCTION, ECONOMIC AND ECOLOGICAL ADVANTAGES OF 
THE BRADFORD PLAN 
2.1. I n t r o d u c t i o n 
Many advantages are claimed f o r s e l e c t i o n f o r e s t r y management 
systems ( H i l e y , 1954). I n the context of B r i t i s h f o r e s t r y , these 
are p r i m a r i l y ones of produc t i o n and increased economic gain (Troup, 
1952; H i l e y , 1954). However, c o n t i n e n t a l f o r e s t e r s also emphasise 
the e c o l o g i c a l and conservation advantages (Goldsmith et al., 1982). 
Some of these advantages have already been r e a l i s e d at Tavistock 
Woodlands, p a r t i c u l a r l y those concerned w i t h p r o d u c t i o n , but the 
e c o l o g i c a l advantages are u n c e r t a i n and i n part are the aim of t h i s 
t h e s i s . The economic b e n e f i t s need f u r t h e r time before t h e i r p o t e n t i a l 
i s proven because of the long term nature of f o r e s t management. The 
f o l l o w i n g i s a b r i e f d i s c u s s i o n of some of the r e a l and p o t e n t i a l 
advantages o f B - Plan i n terms of p r o d u c t i o n , economics and ecology. 
2.2. Production advantages of B - Plan 
2:2.1. Sustained y i e l d 
The concept of sustained y i e l d i s i m p l i c i t i n the design of 
B - Plan. Also i n a d d i t i o n t o the f i n a l crop t r e e , the t h i n n i n g s 
which are produced throughout the 54 year r o t a t i o n are s u i t a b l e f o r 
fencing posts t o s a t i s f y a constant demand from l o c a l farmers. The 
f i n a l crop t r e e s harvested i n c l e a r i n g s u b - u n i t s are processed a t 
a sawmill on s i t e and are used f o r the manufacture of p i c n i c t a b l e s , 
garden f u r n i t u r e and garden sheds, as w e l l as f o r b u i l d i n g t imber. 
The e s t a t e has also e s t a b l i s h e d a c e l c u r i n g p l a n t on s i t e f o r timber 
p r e s e r v a t i o n . There i s thus a constant and sustained y i e l d o f v a r i o u s 
wood products produced by a f o r e s t composed of B - Plan u n i t s . The 
r e s u l t i n g steady cash f l o w enables the e s t a t e t o employ a permanent 
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s t a f f who are occupied at every stage i n the system. Hence the problems 
of employing casual labour are avoided and the e s t a t e has the advantage 
of a h i g h l y t r a i n e d and l o y a l work f o r c e . 
2.2.2. Economic f l e x i b i l i t y 
A t r e e stock of v a r y i n g size means t h a t the e s t a t e i s able t o 
respond t o changes i n markets by h a r v e s t i n g those sizes i n g r e a t e s t 
demand. P r o f i t a b i l i t y i s thus maximised and economic f l e x i b i l i t y 
i s maintained. By h o l d i n g back other s i z e s , they can wait u n t i l the 
market i s b e t t e r . Many even-aged p l a n t a t i o n s w i t h o u t t h i s l a r g e v a r i e t y 
of stock would not have t h i s f l e x i b i l i t y of response and the r e s u l t i n g 
steady cash i n f l o w . 
2.2.3. N a t u r a l r e g e n e r a t i o n 
B - Plan i s able t o take advantage o f any n a t u r a l r e g e n e r a t i o n 
i n the u n i t s as i n c o n t i n e n t a l s e l e c t i o n systems. I n Tavistock 
Woodlands Estat e , Pseudotsuga me n z i e s i i i s p a r t i c u l a r l y s u c cessful 
i n r e g e n e r a t i n g . For t h i s species, southwest England represents an 
homologous l i f e zone t o t h a t of the P a c i f i c Northwest, i t s n a t i v e 
home ( H o l d r i d g e , 1966), Pseudotsuga thus regenerates p r o l i f i c a l l y . 
When new u n i t s are opened up i n the mature stands, f l o w e r i n g i s 
s t i m u l a t e d by t h i s crown t h i n n i n g (Dyer, pers. comm.). The r e s u l t i n g sub-
u n i t s need only t h i n n i n g and no p l a n t i n g , thus reducing the i n i t i a l 
establishment costs of new su b - u n i t s , 
2.2.4. Harvesting f l e x i b i l i t y and v a r i e t y of species 
I n a d d i t i o n t o the major B - Plan species (Pseudotsuga m e n z i e s i i ; 
Thuja p l i c a t a ; Tsuga h e t e r o p h y l l a ) , Sequoia sempervirens (Coast redwood) 
and Nothofagus procera (Southern beech) have been introduced i n t o 
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some of Che u n i t s under both mature Pseudotsuga and L a r i x . The Nothofagus 
grows very r a p i d l y and w i l l probably, reach i t s f i n a l crop s i z e at 
30 years, having a l r e a d y reached 70 f e e t a t 24 years. The f l e x i b i l i t y 
of B - Plan means t h a t t h i s species can be harvested at 30 years and 
another t r e e i n the sub-unit can be s e l e c t e d f o r the f i n a l crop at 54 
years. Nothofagus i s also b e n e f i c i a l i n t h a t i t creates a mixed b r o a d l e a f / 
evergreen wood w i t h the r e s u l t i n g favourable l i g h t mosaic and mixed 
l e a f - l i t t e r , w h i l e s t i l l being economically as v i a b l e as most c o n i f e r s . 
C u r r e n t l y i t appears t h a t Nothofagus timber w i l l f i n d a use i n the 
wood t u r n i n g i n d u s t r i e s , such as I n the making of broom heads (Dyer, 
pers. comm.). Sequoia sempervirens i s p a r t i c u l a r l y u s e f u l i n the 
manufacture of garden sheds because of i t s r o t - r e s i s t a n t p r o p e r t i e s . 
Of the other species, Pseudotsuga m e r i z i e s i i has been a f a m i l i a r 
t r e e i n B r i t i s h f o r e s t r y , f i r s t being planted as a commercial c o n i f e r 
i n the 1800's. I t also has w e l l e s t a b l i s h e d markets i n the b u i l d i n g 
t r a d e . 
Tsuga h e t e r o p h y l l a and Thuja p l i c a t a are more recent i n t r o d u c t i o n s 
from the 1930's (Aldhous and Low, 1974). Tsuga can be used as sawwood, 
chipboard, f i b r e b o a r d , and f o r p u l p i n g . Thuja does not pulp w e l l 
but the t h i n n i n g s can be used f o r the l o c a l fence post market, as 
i t i s durable i n the open and the f i n a l crop can be used as sawn timber. 
Thuja may also f i l l the demand f o r e x t e r i o r c l a d d i n g i n the f u t u r e 
(Aldhous and Low, 1974). 
2.2.5, Maximum pr o d u c t i o n 
Another p r o d u c t i o n advantage r e s u l t s from the mixture of species. 
Because of d i f f e r e n c e s i n geometry and physiology between t r e e species, 
e a r l y crown c o m p e t i t i o n between i n d i v i d u a l s i s reduced and the vigorous 
crown development produces maximum r a d i a l stem increment (Troup, 1952) 
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s i m i l a r t o the free-growth technique employed w i t h oak which s t i m u l a t e s 
vigorous crown development by heavy t h i n n i n g ( J o b l i n g and Pearce, 
1977). With heavy t h i n n i n g of oak, there i s a loss of biomass. This 
does not occur i n the many layered B - Plan wood, 
"Layering of the r o o t systems i n a mixed species and age 
stand serves to reduce c o m p e t i t i o n between t r e e s too, and 
r e s u l t s i n increased vigour and growth" 
. (Packham and Harding, 1982: p. 5) 
Advocates of s e l e c t i o n , such as Bourne ( H i l e y , 1954) and Knuchel 
(1953) even c l a i m the t o t a l increment to be g r e a t e r by as much as 
50%. Malcolm (1979) f e e l s v a l i d comparison o f ' u t i l i s a b l e p r o d u c t i v i t y ' 
between an i r r e g u l a r and an even-aged stand i s d i f f i c u l t , but t h a t 
an even-aged stand would have the advantage because p o o r . i l l u m i n a t i o n 
means the lower p a r t s of an i r r e g u l a r canopy are i n e f f i c i e n t . I n 
the D a r t i n g t o n Woodland S e l e c t i o n Experiment, t h i s c l a i m of 50% g r e a t e r 
t o t a l increment appears to be i n v a l i d , but the timber q u a l i t y i s 
extremely h i g h and hence the p r i c e paid f o r the f i n a l crop i s good 
(Harley, pers. comm.). 
Where i t i s not economically f e a s i b l e to f e r t i l i z e , s e l e c t i o n 
f o r e s t r y has been recommended as an a l t e r n a t i v e (Jorgensen et al., 1975). 
Phosphates f o r food p r o d u c t i o n are i n short supply, so i t i s probably 
not e t h i c a l t o use them i n f o r e s t s i n any case (Packhara and Harding, 
1982). F e r t i l i z e r i s unnecessary i n the Tavistock Woodlands. Also, 
l e a v i n g the l o p and top a f t e r h a r v e s t i n g as w e l l as the weed trimmings 
a f t e r mechanical weeding w i l l r e t u r n some n u t r i e n t s to the s o i l , 
2,2.6. High q u a l i t y timber 
High q u a l i t y timber i s another p r o d u c t i o n advantage of s e l e c t i o n 
f o r e s t r y and t h i s has become the aim i n producing the f i n a l crop t r e e 
i n the Tavistock Woodlands, The t r e e s grow at a s t e a d i e r r a t e and 
r i n g - w i d t h i s more constant throughout the thickness of a stem than 
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i n an even-aged stand, where the r i n g - w i d t h e i t h e r d e c l i n e s as the 
canopy clo s e s , or suddenly becomes very l a r g e a f t e r a t h i n n i n g , making 
the timber of poorer q u a l i t y f o r b u i l d i n g ( H i l e y , 1954). This c o n s i s t e n t 
q u a l i t y makes the f i n a l crop wood a t t r a c t i v e t o buyers ( L e a t h a r t , 
1983). 
2.2.7. Frost and wind p r o t e c t i o n 
S e l e c t i o n f o r e s t s a f f o r d young t r e e s a l a r g e r degree of p r o t e c t i o n 
from wind d e s s i c a t i o n and f r o s t damage (Ovington, 1965). This i s 
tr u e f o r B - Plan and as a r e s u l t , few newly planted t r e e s have t o 
be replaced or beaten up. S u r v i v a l r a t e i s thus near 100%, u n l i k e 
young even-aged p l a n t a t i o n s , where many tr e e s d i e of exposure (Dyer, 
pers. comjn.). There are sometimes problems of windthrow i n opening 
up the mature even-aged canopies t o in t r o d u c e B - Plan, but these 
disappear a f t e r the t h i r d stage and Tavistock Woodlands expect t h a t 
l i k e other s e l e c t i o n f o r e s t s , B - Plan w i l l be very w i n d - f i r m i n f u t u r e 
r o t a t i o n s , because the r o o t s are able t o take advantage of a l l l a y e r s 
i n the s o i l and the fo r c e of the wind w i l l be broken by a s t o r i e d 
canopy (Dyer pers. comm.). 
Late s p r i n g f r o s t s are a p a r t i c u l a r danger i n some areas of 
Tavistock Woodlands due t o the topography of the r i v e r v a l l e y s . 
Again these dangers are reduced by the s t r u c t u r e of B - Plan. 
2.2.8. Lower establishment and management costs 
The cost of e s t a b l i s h i n g B - Plan per u n i t area can be lower 
than t h a t of r e p l a n t i n g large areas a f t e r c l e a r - f e l l i n g , p a r t i c u l a r l y 
i f the n a t u r a l r e g e n e r a t i o n of Pseudotsuga i s u t i l i s e d , (Dyer, pers. 
comm.). The l o p and top, l e f t a f t e r c l e a r - f e l l i n g , i s u s u a l l y c o l l e c t e d 
up and burned t o c l e a r the area f o r p l a n t i n g , thus i n c r e a s i n g the 
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labour c o s t s . The q u a n t i t i e s l e f t a f t e r c l e a r i n g a B - Plan sub-unit 
are small and the lo p and top can be l e f t i n - s i t u . 
Weed c o n t r o l i s a serious and expensive problem i n new p l a n t a t i o n s 
where the area needs t o be cleared every year f o r the f i r s t f i v e years, 
and sometimes twice d u r i n g the f i r s t year. Weed growth under B - Plan 
i s l e ss than i n even-aged p l a n t a t i o n s due to lower l i g h t i n t e n s i t i e s , 
less s o i l d isturbance and possibly a lower temporary surge of n u t r i e n t s 
f o l l o w i n g p l a n t i n g , promoting excessive growth (Bormann and Likens, 1979) 
The B - P l a n s u b - u n i t s only need weeding i n the 2nd and 3rd years 
a f t e r establishment. 
2.2.9. F i r e p r o t e c t i o n 
A group s e l e c t i o n system has been employed i n the.Aleppo pine 
f o r s t s of southern France as a f i r e p r e v e n t a t i v e measure. ' 
" I t i s a common experience when f i g h t i n g . a f o r e s t f i r e t o 
f i n d t h a t i t s progress goes unhindered through a crop of one 
species and age of t r e e , but i s checked as soon as i t greets 
woods of another species or age c l a s s , thus g i v i n g f i r e 
f i g h t e r s a chance t o defeat i t " ( B l a t c h f o r d . 1978: p. 55). 
Although f i r e i s not a problem i n southwesr England, t h i s added advan-
tage of s e l e c t i o n f o r e s t s i n general might be s i g n i f i c a n t i f B - Plan 
was e s t a b l i s h e d elsewhere, 
2.2.10. Advantages f o r small woodland owners 
Crowther (1978) recommends c u r r e n t F o r e s t r y Commission p r a c t i c e s 
f o r the management of small woodlands, w i t h a heavy emphasis on 
r e p l a n t i n g , weeding and f e r t i l i z i n g . Adoption of B - Plan could o b v i a t e 
such p r a c t i c e s : 
"... the system ( c o n t i n e n t a l s e l e c t i v e f o r e s t r y ) makes use 
of a l l mast years and provides a constant income from even 
small woods, hence i t i s a p p r o p r i a t e f o r small p r i v a t e 
woodlands" (Peterken, 1981: p. 72). 
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Other non-production economic advantages of s e l e c t i o n systems and 
B - Plan i n p a r t i c u l a r , have not escaped n o t i c e . As an example. 
Wilderness Wood i n Sussex, i s used f o r teaching purposes by many l o c a l 
schools and a small fee i s charged. There B - Plan has the advantage 
of a pleasant atmosphere as w e l l as p r o v i d i n g a s t a r t i n g p o i n t f o r 
a d i s c u s s i o n of f o r e s t r y versus conservation. 
"They ( s e l e c t i o n f o r e s t r y experiments) can become an 
absorbing i n t e r e s t and a wood of 50 or 100 acres i s 
s u f f i c i e n t t o engage the inventiveness and s a g a c i t y of 
an e n t e r p r i s i n g owner who w i l l experiment i n t h i s way" 
( H i l e y , 1954), 
Evidence thus i n d i c a t e s t h a t i n the f u t u r e , B - Plan could become 
more than j u s t an experiment and a more widely accepted management 
p r a c t i c e . 
2.3. Economic advantages of B - Plan 
2.3.1. Measurement of growth 
The economic aim of B - Plan management i s t o produce l a r g e , 
high q u a l i t y saw logs as the f i n a l crop at the end of a 5A year c y c l e . 
The high q u a l i t y i s judged both by siz e and the number of r i n g s per 
i n c h . Four r i n g s per i n c h i s the optimum (Dyer, pers. comm. and Harley, 
pers. comm.). 
This f a s t , even growth r a t e of 4 r i n g s per inch i s achieved 
by c a r e f u l m o n i t o r i n g of the stands and t h i n n i n g t o reduce c o m p e t i t i o n 
f o r resources, so t h a t no t r e e i s checked i n i t s growth r a t e . Every 
s i x years, three 324m" sample p l o t s i n a stand are measured using 
diameter breast high and increment b o r i n g . A graph i s then compiled 
of the number of i n d i v i d u a l s i n each f i v e centimetre size c l a s s (Figure 
2.1. ) , which i s then compared t o the i d e a l B - Plan d i s t r i b u t i o n ( F i g u r e 
2.2. ) . This i d e a l d i s t r i b u t i o n f o l l o w s a curve s i m i l a r t o the B i o l l e y 
Plan, the check c o n t r o l method used i n c o n t i n e n t a l s e l e c t i o n f o r e s t r y 
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F i g u r e 2.1. Graph o f s t e n numbers per s i z e c l a s s under B r a d f o r d P l a n 
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Figure 2.2. The i d e a l B - Plan siz e d i s t r i b u t i o n compared w i t h d i s t r i -
b u tions f o r systems i n Alpine Europe and under the B i o l l e y Plan 
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(Table 1.1.). I t i s also s i m i l a r t o the age d i s t r i b u t i o n s i n n a t u r a l 
uneven-aged f o r e s t s such as those i n Alpine Europe (Figure 2.2.) or 
i n North America (Figure 2,3.). The main d i f f e r e n c e i s the more evenly 
d i s t r i b u t e d number of t r e e s i n the o l d e r age classes o f B - Plan. 
Where the sample p l o t graph deviates from the i d e a l curve at the p o i n t 
on Figure 2.1. l a b e l l e d 'Trees of t h i s size are removed', t r e e s i n 
these classes are harvested and these t h i n n i n g s are sold p r i m a r i l y 
as fence posts. Figure 2.1. shows the progression from 1960 t o 1978 
toward the i d e a l B - Plan s e l e c t i o n curve. 
2.3.2. Growth r a t e s under B - Plan 
The constant m o n i t o r i n g of the growth r a t e s coupled w i t h constant 
t h i n n i n g i s producing steady growth of f o u r rings, per i n c h by v i r t u a l l y 
a l l of the B - Plan t r e e s on the e s t a t e (Dyer, pers. comm.,).. With 
some species, adjustments had t o be made to the conventional t h i n n i n g 
ages p r e c r i b e d by the Fo r e s t r y Commission f o r t r e e s i n an even-aged 
p l a n t a t i o n . For example, Tsuga h e t e r o p h y l l a i s u s u a l l y thinned ac 
15 years. Under the p r o t e c t i o n provided i n a B - Plan u n i t , , t h i s 
species achieves a size which r e q u i r e s t h i n n i n g at ten years of age. 
I f l e f t unthinned f o r longer, Tsuga's growth r a t e i s checked: by competi-
t i o n w i t h i t s neighbours. 
The c o n v e n t i o n a l F o r e s t r y Commission y i e l d t a b l e s (Hamilton 
and C h r i s t i e , 1971) developed f o r even-aged p l a n t a t i o n s proved inappro-
p r i a t e f o r p r e d i c t i o n i n Tavistock Woodlands, mainly because they 
assume an uneven growth r a t e over time. Figure 2.4. shows a comparison 
i n the volume increment i n a B - Plan stand versus t h a t i n an even-aged 
p l a n t a t i o n . The f i g u r e s are e x t r a c t e d from the F o r e s t r y Commission 
y i e l d t a b l e s (Hamilton and C h r i s t i e , 1971). For Pseudotsuga m e n z i e s i i 
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Figure 2.4. Comparison of volume increment in* an even-aged p l a n t a t i o n w i t h a B 
menziesii - y i e l d class 22 
CAI - c u r r e n t annual increment 
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Plan stand of Pseudotsuga 
on the e s t a t e . The height of t h i s curve v a r i e s w i t h the species and 
the s i t e . A p a r t i c u l a r species producing g r e a t e r volume (cubic metres 
per h e c t a r e ) than another on the same s i t e i s s a i d t o have a higher 
y i e l d c l a s s . 
Figure 2.5. shows the uneven growth i n an even-aged p l a n t a t i o n 
over time. I n the establishment phase, the t r e e s have to conquer 
the harsh environment of a c l e a r - f e l l e d s i t e and hence the r i n g s are 
much smaller than those of the B - Plan t r e e s . As the t r e e s grow 
together i n the even-aged stand, c o m p e t i t i o n increases and at the 
pole stage (15 y e a r s ) , the r i n g s per i n c h have increased showing a 
great need f o r t h i n n i n g to reduce c o m p e t i t i o n . Under B - Plan manage-
ment each mature t r e e i s able t o develop a f u l l crown and hence the 
steady growth r a t e does not slow down. This i s i n e f f e c t l i k e the 
permanent crown t h i n n i n g i n oak woodlands ( J o b l i n g and Pearce, 1977) 
( S e c t i o n 2.2,5.), which i s used i n c o n v e n t i o n a l management t o increase 
the growth r a t e of a mature t r e e , 
B - Plan y i e l d t a b l e s (Table 2.1.), developed by P h i l i p H u t t , 
can be compared t o those of the F o r e s t r y Commission (Hamilton and 
C h r i s t i e , 1971) to produce a bar graph of the cumulative p r o d u c t i o n 
f o r Pseudotsuga i n the y i e l d classes 22 and 24 (Figure 2.6.). The 
volume i n c l u d e s both the t h i n n i n g s and the f i n a l crop t r e e s over a 
period of 54 years. I n theory, at the end of 54 years, the t o t a l , 
Pseudotsuga p r o d u c t i o n under B - Plan, assuming the crop continues 
t o grow at i t s c u r r e n t r a t e of four r i n g s per i n c h , should exceed 
th a t of the t r e e under conventional management by about 30%. H i l e y 
(1954) suggests t h a t s e l e c t i o n f o r e s t r y may even exceed even-aged 
f o r e s t r y p r o d u c t i o n by as much as 50% ( S e c t i o n 2.2.5.). Even comparing 
B - Plan Pseudotsuga y i e l d class 22 w i t h a more prod u c t i v e y i e l d c l a s s 
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F i g u r e 2. 5. Growth i n c r e m e n t f o r Pseudotsuga m e n z i e s i i - y i e l d c l a s s 22 - B - Plan "versus even-aged management 
{Rings per i n c h f o r even-aged s t a n d f r o m H a m i l t o n and C h r i s t i e , 1971) 
Table 2.1 Bradford plan y i e l d t a b l e s 1983 - ( f o r one hectare) 
VOL PER TREE (m ) BEFORE CUT 
AGE FINAL CROP OTHERS FINAL CROP OTHERS 
TREES VOL TREES VOL 
4 R P 2.5 cm (YC 22 Equiv) 
12 .027 .02 30 .81 210 4.2 
18 . 145 .07 • 30 4.35 210 14.7 
2A .39 .21 30 11.70 120 25.2 
30 .85 .495 30 22.50 60 29,70 
36 1.38 .99 30 41 .40 30 29.70 
42 2.12 30 63.60 • 
48 3.01 30 90.30 
54 4.03 30 120.90 
COUPE (harvested) 
FINAL CROP OTHERS 









90 6.3 90 6,3 240 19.05 
60 12.6 60 12.6 150 36.90 
30 14.85 30 14.85 90 52.20 
30 29.70 30 29.70 60 71.10 
30 63.60 
30 90.30 
30 120.90 30 120.90 
per 6yr Cut 184.35 870 459.06 
CAI 30.725m- 6.66% of stock 
4.5 R P 2.5 cm (YC 20 Equiv) 
12 .018 .01 30 .54 210 2.1 
18 .106 .055 30 3.18 210 11.55 
24 .28 .165 30 8.40 120 19.80 
30 .60 .38 30 18.00 60 22.80 
36 1.09 .75 30 32.70 30 22.50 
42 1.59 1.35 30 47.70 
48 2.32 30 69.60 
54 3.14 30 94.20 30 94.20 
240 2.64 
90 4.95 90 4.95 240 14.73 
60 9.90 60 9.90 150 28.20 
30 11 .40 30 11.40 90 40,80 
30 22.50 30 22.50 60 55.20 
30 47.70 
30 69.60 
30 94.20 30 94.20 
Per 6yr Cut 142.95 870 353.07 
CAI 23.825m' "= 6.75% of stock 
Key CAI c u r r e n t annual increment; Coupe = tre e s harvested at one po i n t i n time; Volume ra-
Volume in mVhectare 












Figure 2.6. Cumulative volume production 
aged stand o f Pseudotsuga m e n z i e s i i y i e l d class 22 and 24 
(m^ha ^) a t the end of a 54-year r o t a t i o n . B Plan stand versus even-
a higher t o t a l p r o d u c t i o n . This as yet t h e o r e t i c a l higher p r o d u c t i o n 
could thus mean higher p r o f i t s f o r the e s t a t e i n the f u t u r e . 
2.3.3. Economic p r e d i c t i o n s 
Although no f i n a l crop B - Plan t r e e s have as yet been produced, 
p r e d i c t i o n s can be made about the economic advantages of the system. 
Assuming the growth r a t e of four r i n g s per i n c h , at the end of 54 
years, a B - Plan f i n a l crop t r e e w i l l have a diameter at breast height 
i n the r e g i o n of 35 cms. Using the F o r e s t r y Commission y i e l d t a b l e s 
(Hamilton and C h r i s t i e . 1971) f o r Pseudotsuga y i e l d c l a s s 22, the 
diameter at breast height at the end of 55 years would be i n the r e g i o n 
of 28 cms. Prices paid f o r saw logs increase l i n e a r l y w i t h i n c r e a s i n g 
diameter at breast h e i g h t , a g r e a t e r premium being paid f o r l a r g e r 
s i z e i n southwest England (Aldhous, 1983) (Figure 2.7.). This i s 
because the conversion r a t e i s more e f f i c i e n t f o r l a r g e r t i m b e r , as 
w e l l as there being a great demand f o r l a r g e dimension timber i n southwest 
England (Aldhous, 1983), E x t r a p o l a t i n g from Figure 2.7., the p r i c e 
paid f o r a f i n a l crop B - Plan Pseudotsuga t r e e w i t h a diameter at 
breast height of 35 cms, would be £16-£20 per cubic metre. The sum 
paid f o r the same species from an even-aged p l a n t a t i o n w i t h a diameter 
at breast height of 28 cms would be £11-£15 per cubic metre. The 
B - Plan r e t u r n s would thus be around A0% more than t h a t of c o n v e n t i o n a l 
management. 
Furthermore, i n a c o n v e n t i o n a l f o r e s t , the r a t i o of saw logs 
to t h i n n i n g s i s u s u a l l y 50 - 50. Assuming the steady four r i n g s 
per i n c h achieved under B - Plan, t h i s r a t i o would be about 75 - 25. 
Consequently, i f 75% of B - Plan t r e e s are of the more p r o f i t a b l e 
saw l o g s i z e , compared w i t h 50% f o r an even-aged stand, then the p r o f i t 
could be even higher f o r the products of B - Plan management. Some 
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F i g u r e 2.7. Timber p r i c e - s i z e c u r v e s . 
Curve A - standing timber v a l u e s for c o n i f e r s - g e n e r a l i z e d 
average c u r v e s for southwest England 
Curve B- standing timber v a l u e s f o r c o n i f e r s - g e n e r a l i z e d 
aUerage c u r v e s for Gr e a t B r i t a i n 1976/77 
(from Aldhous, 1983) 
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B - Plan costs are high e r , p a r t i c u l a r l y d u r i n g e x t r a c t i o n . Here the 
costs can be 10% more than e x t r a c t i o n i n a c o n v e n t i o n a l p l a n t a t i o n . 
However, these are recouped t o some extent by the need f o r less weeding 
and by higher young t r e e s u r v i v a l r a t e s than i n a conventional p l a n t a t i o n 
Hence B - Plan, by the pr o d u c t i o n of l a r g e r and higher q u a l i t y f i n a l crop 
t r e e s , may w e l l prove t o be f a r more p r o f i t a b l e than c o n v e n t i o n a l 
even-aged management systems. 
2.4. E c o l o g i c a l advantages of B - Plan 
2.4.1. I n t r o d u c t i o n 
I n a d d i t i o n t o the pr o d u c t i o n and economic advantages of the 
adoption o f the Bradford Plan, the E a r l o f Bradford and P h i l i p Hutt 
foresaw a number of e c o l o g i c a l l y d e s i r a b l e aspects of the.system. 
O v e r - r i d i n g a l l of these was the need t o encourage and increase both 
h a b i t a t and species d i v e r s i t y i n p l a n t and animal communities under 
coniferous f o r e s t r y . While i t was c l e a r t h a t p l a n t a t i o n s .managed 
under the system would not have o u t s t a n d i n g e c o l o g i c a l and c o n s e r v a t i o n 
value, s u b s t a n t i a l improvements could be made over e x i s t i n g areas 
under c l e a r - f e l l f o r e s t r y . 
This f i t s w e l l w i t h i n the ideas of O'Connor (1974), who described 
one important p a r t of b i o l o g i c a l c o nservation as 'conservation as 
an a t t i t u d e t o land use management'. .The goal of m a i n t a i n i n g ecolo-
g i c a l i n t e r e s t and d i v e r s i t y w i t h i n commercially v i a b l e f o r e s t r y 
operations i s an e x c e l l e n t example of t h i s concept. However, the 
E a r l of Bradford and P h i l i p Hutt also saw beyond t h i s i n t o another 
category of con s e r v a t i o n described by O'Connor (1974) as ' c r e a t i v e 
c o n s e r v a t i o n ' . Here, conservation can be taken f u r t h e r w i t h i n economic 
land use by c r e a t i n g new fe a t u r e s of e c o l o g i c a l i n t e r e s t as p a r t of 
new land uses. C r e a t i v e conservation thus accepts land use change 
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and new land uses and seeks to create new o p p o r t u n i t i e s f o r ecology 
i n the process. Examples e x i s t throughout the h i s t o r i c a l p e r i o d , 
the most r e l e v a n t here being the coppice w i t h standards woodland manage-
ment system i n deciduous woodlands which a c t u a l l y increased the e c o l o g i c a l 
i n t e r e s t of many B r i t i s h woodlands, w h i l e being p r i m a r i l y e s t a b l i s h e d 
as an economic system of land use. 
W i t h i n t h i s o v e r a l l framework, i n d i v i d u a l e c o l o g i c a l and conser-
v a t i o n advantages of B - Plan may be described. 
2.A.2. Increased h a b i t a t d i v e r s i t y 
The nine d i f f e r e n t stages of B - Plan (Figure 1.1.) provide 
the complete range of h a b i t a t from open ground up t o mature t r e e w i t h i n 
each 32Am^  u n i t . This h a b i t a t d i v e r s i t y i s then r e p l i c a t e d numerous 
times throughout the f o r e s t . An important r e s u l t of t h i s i s t h a t , 
i n t h e o r y , the ground f l o r a i s maintained at a l l stages w i t h i n each 
i n d i v i d u a l u n i t and once the cycle i s f u l l y o p e r a t i o n a l , there are 
always s e v e r a l sub-units w i t h i n each 32Am'^  u n i t at e a r l y stages of 
succession, when the l i g h t environment i s o p t i m a l . 
I n t h i s r e s p e c t , B - Plan mimics the t r a d i t i o n a l coppice w i t h 
standards p a r t i c u l a r l y i n i t s c o n t i n u o u s l y changing l i g h t p a t t e r n . 
"Timber t r e e s come and go; the c o n t i n u i t y of the wood 
i s maintained by the l o n g - l i v e d underwood s t o o l s and by 
the herbaceous p l a n t s which c o n s t i t u t e the ground 
v e g e t a t i o n " (Rackham, 1980a: p. 5).' 
The standards produced the timber and the coppice s t o o l s produced 
wood or underwood e s p e c i a l l y f o r f u e l . The coppice system had a c u t t i n g 
r o t a t i o n of between 7 to 20 years (Rackham. 1976). This had a conser-
v a t i v e e f f e c t on the fauna and ground f l o r a a l l o w i n g the v a r i o u s species 
t o f o l l o w the coppice c u t t i n g around the wood according to t h e i r 
p a r t i c u l a r requirements f o r l i g h t , shade and moisture. I n d i v i d u a l 
species could not become e x t i n c t as e a s i l y or as r a p i d l y from a wood 
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as they do under the closed canopy of a modern co n i f e r o u s f o r e s t . 
( H i l l and Hays, 1978: H i l l , 1979a; Brown, 1981). 
C l e a r l y , d i f f e r e n c e s e x i s t between B - Plan and the former coppice 
w i t h standards system, but the s i m i l a r i t i e s are also there- i n terms 
of the p o t e n t i a l f o r increased h a b i t a t d i v e r s i t y . 
2.A.3. Maintenance and p o s s i b l e increase of species d i v e r s i t y 
Largely because of the increase i n h a b i t a t d i v e r s i t y , the species 
d i v e r s i t y of f l o r a and fauna i s maintained and a f t e r the system has 
been i n o p e r a t i o n f o r a reasonable l e n g t h of time may a c t u a l l y be 
increased. A t o t a l of 16 planted t r e e species, 11 n a t i v e or n a t u r a l l y 
r e g e n e r a t i n g t r e e species and 5 n a t i v e shrub species has been recorded 
i n the study s i t e . D i v e r s i t y thus e x i s t s i n the canopy as .well as 
i n the ground f l o r a . 
The numerous r i d e s and rackways also provide many edges where 
light-demanding species can grow. The l i g h t environment w i t h i n the 
B - Plan u n i t s i s very c r i t i c a l i n the maintenance of species d i v e r s i t y . 
Less i n t e n s i v e weeding i s a f u r t h e r aspect of the system when compared 
w i t h c l e a r - f e l l e d p l a n t a t i o n s . 
The main focus of t h i s t h e s i s i s the ground f l o r a . However, 
there i s evidence of increased f a u n a l i n t e r e s t and d i v e r s i t y under 
B - Plan. Casual ob s e r v a t i o n of b i r d species and t h e i r p o p u l a t i o n s 
i n d i c a t e s t h a t there has been an increase i n d i v e r s i t y and numbers. 
Insect p o p u l a t i o n s have also b e n e f i t t e d . One example of t h i s i s t h a t 
a species of woodland b u t t e r f l y has been recorded f o r the f i r s t time 
since 1952 (Warren, pers. comm.) i n the wood, t h e H e a t h 
F r i t i l l ^ r y ( M e l l i c t a a t h a l i a ) , which now has the s t a t u s of probably 
the most endangered r e s i d e n t b u t t e r f l y i n B r i t a i n (Warren et a l , 198A). 
A colony of t h i s species was noted feeding on Rubus agg. f l o w e r s i n 
a c l e a r i n g between Bradford-Hutt u n i t s i n J u l y , 1985. The previous 
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year's lar v a e probably fed on the abundant Melampyrum pratense growing 
along the r i d e and i n the r e l i c oak coppice a d j o i n i n g the u n i t s (Warren, 
pers. comml). 
2.4.4. Increased t r e e and shrub d i v e r s i t y w i t h r e l a t e d b e n e f i c i a l 
e f f e c t s on l e a f l i t t e r 
B i r c h ( B e t u l a spp.) and h o l l y ( I l e x a q u i f o l i a ) are known s o i l 
improvers (Dimbleby, 1952; Dimbleby and G i l l , 1955; Mi l e s , 1981). 
By the nature of the open s t r u c t u r e of B - Plan, species such as 
Quercus x rosacea, Sorbus aucuparia, Castanea s a t i v a , Betula spp. 
and I l e x a q u i f o l i a can grow s u c c e s s f u l l y i n and around the B - Plan 
u n i t s . The light-demanding species Quercus, Sorbus and Castanea also 
t h r i v e . Timber oak stands have been s u c c e s s f u l l y underplanted w i t h 
B - Plan u n i t s . These n a t i v e species along w i t h Nothofagus procera 
i n some of the u n i t s , provide a good deciduous a d d i t i o n to the l e a f 
l i t t e r and b e n e f i c i a l e f f e c t s on s o i l n u t r i e n t c y c l i n g . This i s s i m i l a r 
to a coppice wood where many species can be grown together, such as 
hazel with'ash standards (Rackham, 1980a). 
2.4.5. S o i l p r o t e c t i o n and improvement 
A f u r t h e r aim of B - Plan i s t o b u i l d up and p r o t e c t the f o r e s t 
s o i l complex by encouraging a v a r i e t y of s o i l improver species i n 
mixture and w i t h constant cover t o p r o t e c t the s o i l p h y s i c a l l y , 
p a r t i c u l a r l y i n areas of high r a i n f a l l and on steep slopes ( H u t t . 
1976). 
S e l e c t i o n systems are e s p e c i a l l y favoured on the c o n t i n e n t because 
they prevent e r o s i o n (Troup, 1952; Knuchel, 1953; H i l e y , 1954; K t i s t l e r , 
1956; Packham and Harding, 1982). Rapid leaching of s o i l n u t r i e n t s 
a f t e r c l e a r - f e l l i n g has been observed by Bormann and Likens (1979) 
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i n e astern North American hardwood stands. I n t h e i r e x p e r i m e n t a l l y 
c l e a r - f e l l e d p l o t s , leaching of s o i l n u t r i e n t s , as measured i n the 
s o l u t e content of water i n the catchment area, was e i g h t times g r e a t e r 
than t h a t i n an i n t a c t f o r e s t w i t h a maximum at 2 years a f t e r c l e a r -
f e l l i n g . Over the f i r s t 2 years, when the s i t e was kept a r t i f i c i a l l y 
bare, p a r t i c u l a t e matter content i n r u n o f f water was three times g r e a t e r 
than the adjacent wooded c o n t r o l s i t e . I n the t h i r d year, t h i s f a c t o r 
increased to 16 times, suggesting t h a t the mechanism l i m i t i n g e r o s i o n 
broke down a f t e r 2 years. I n a c l e a r - f e l l e d s i t e , however, the area 
i s u s u a l l y revegetated i n the second year w i t h the consequent water 
y i e l d i n the watershed r e t u r n i n g back to normal and m i n i m i s a t i o n of 
erosion (Swindel eic aL,1982). Nevertheless, s i g n i f i c a n t loss of 
n u t r i e n t s i n s o l u t e form occurs. 
Ternan ( p e r s . comm.) working on e r o s i o n and s o l u t e loss i n 
market gardens i n the Tamar V a l l e y downstream from Tavistock Woodlands,' 
suggests t h a t the s o i l s are not p a r t i c u l a r l y prone t o severe e r o s i o n . 
However, s o l u b l e n u t r i e n t loss i s a serious problem and t h i s could 
be overcome by the adoption of B - Plan r a t h e r than c l e a r - c u t t i n g * 
on the steep v a l l e y sides. 
2,4.6. Conservation of n i t r o g e n 
C l e a r - c u t t i n g r e s u l t s i n increased n i t r o g e n a v a i l a b i l i t y (as 
NO^-N), which i s thought t o induce germination of b u r i e d seed (Cole 
and Gessel. 1965; Harper. 1977; Bormann and Likens, 1979). This and 
the r e d u c t i o n of c o m p e t i t i o n from t r e e r o o t s r e s u l t s i n the sudden 
burst of v e g e t a t i o n a f t e r c l e a r - f e l l i n g . Bormann and Likens (1979) 
describe i t as a homeostatic mechanism f o r r e - e s t a b l i s h i n g s t a b i l i t y 
a f t e r ecosystem d i s t u r b a n c e . However, i t costs the ecosystem i n loss 
of the ' c a p i t a l ' necessary f o r f u t u r e wood p r o d u c t i o n . This i s 
51 
analogous t o f e r t i l i z i n g a new p l a n t a t i o n , as Tamm (1974) demonstrated 
w i t h the enhancement of raspberry growth, a species f r e q u e n t l y c o l o n i z i n g 
a c l e a r - c u t stand. 
"Even w i t h r e v e g e t a t i o n , n u t r i e n t leakage occurs which 
suggests t h a t the r a p i d increase i n p r o d u c t i v i t y i s i n e f f i c i e n t 
and i s c o s t l y i n terms of n u t r i e n t and biomass storage w i t h i n 
the ecosystem, but t h i s s a c r i f i c e of e f f i c i e n c y might be an 
e f f e c t i v e s t r a t e g y of ecosystem s t a b i l i t y , because i t stops 
greater s a c r i f i c e i n b i o t i c r e g u l a t i o n of e r o s i o n " (Bormann 
and Likens, 1979: p. 161). 
Under B - Plan, t h i s s a c r i f i c e i s r e d u c e d and the f o r e s t ecosystem 
can put the n u t r i e n t energy i n t o t r e e growth. 
2.4.7. Improved f u n g a l a s s o c i a t i o n s 
I n d e s c r i b i n g the b e n e f i c i a l e f f e c t s new regene r a t i o n has on 
an o l d and d e t e r i o r a t i n g even-aged stand, Ammon i n h i s "Das P l e n t e r -
p r i n z i p i n der W a l d w i r t s c h a f t " (1937) ( t r a n s l a t e d by Reade, 1969) 
observes: 
" I t i s obvious, i n f a c t , t h a t o l d t r e e s and young growth have 
a b i o l o g i c a l need f o r one another, i n a manner t h a t the 
exponents o f even-aged working and c l e a r - f e l l i n g are u n w i l l i n g 
to accept or recognise" ( p . 210). 
Recent m y c o r r h i z a l research has shown t h a t e c t o m y c o r r h i z a l 
m y c e l i a l strands connecting p l a n t s together through t h e i r r o o t systems 
may act as pathways f o r the t r a n s f e r of n u t r i e n t s and water (Reid 
and Woods, 1969; Whittingham and Read, 1982; Brownlee et^ al., 1983). 
Seedlings growing under low l i g h t i n t e n s i t i e s could then r e l y on the 
mature t r e e s , w i t h t h e i r leaves i n f u l l s u n l i g h t , f o r sustenance. 
Working on Pinus s y l v e s t r i s s e e dlings, Brownlee et^ a l . ,(1983) suggest 
t h a t : 
."... since m y c e l i a l strands provide f o r i n t e r - p l a n t d i s t r i -
b u t i o n of n u t r i e n t and water i t i s necessary t o re-assess the 
p a t t e r n of n u t r i e n t a c q u i s i t i o n and c y c l i n g i n f o r e s t eco-
systems. C l e a r l y p l a n t s i n such systems do not occur as 
i n d i v i d u a l s but as part of an inte r - c o n n e c t e d system through 
which n u t r i e n t s f l o w along c o n c e n t r a t i o n g r a d i e n t s both at 
the i n t r a and i n t e r s p e c i f i c l e v e l s . The s i g n i f i c a n c e of 
these i n t e r - c o n n e c t i o n s f o r s e e d l i n g s u r v i v a l and pl a n t 
p r o d u c t i v i t y i s c u r r e n t l y being examined" (p. 442). 
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Such i n t e r - c o n n e c t i o n s under s e l e c t i o n systems such as B - Plan may 
play an important r o l e i n p r o d u c t i v i t y and e c o l o g i c a l s t a b i l i t y . 
2.4.8. Pest and disease c o n t r o l 
Another c l a i m f o r B - Plan i s : 
"... t o encourage a s t a b l e e c o l o g i c a l balance w i t h a v a r i e d 
f l o r a and fauna ... a c h i e v i n g a considerable pest and disease 
c o n t r o l " ( H u t t , 1975: p. 20). 
Vasecho (1983) suggests t h a t i n c r e a s i n g the s t a b i l i t y of the 
f o r e s t ecosystem i s an a l t e r n a t i v e t o chemical and b i o l o g i c a l pest 
c o n t r o l i n f o r e s t s . He proposes c r e a t i n g a m u l t i s t o r e y f o r e s t f o r m a t i o n 
of mixed species, l e a v i n g small reserves of o l d t r e e s . Since 1935, 
spruce f o r e s t s i n the Belgian Ardennes have been i n the process of 
being transformed i n t o mixed species woodland w i t h i r r e g u l a r canopies 
t o increase r e s i s t a n c e to i n s e c t a t t a c k , as w e l l as to improve s i t e 
ecology ( R o i s i n , 1959). B - Plan creates t h i s many-layered, mixed 
f o r e s t . 
2.5. General conservation advantages of B - Plan 
Peterken (1981) suggested 15 p r i n c i p l e s f o r nature c o n s e r v a t i o n 
i n woodlands, s e v e r a l of which are f u l f i l l e d by B - Plan. The p r i n c i p l e s 
p a r t i c u l a r l y r e l e v a n t to the Tavistock Woodlands and B - Plan are 
as f o l l o w s : 
2,5.1. Minimise r a t e s of change w i t h i n woods 
Peterken proposed t h a t p l a n t s which are slow c o l o n i z e r s and 
hence more e x t i n c t i o n - p r o n e should be favoured by c r e a t i n g d i s t i n c t 
age classes s p a t i a l l y , so t h a t the h a b i t a t s are c o n s t a n t l y a v a i l a b l e 
f o r 'point to p o i n t ' c o l o n i z a t i o n . B - Plan mimics the t r a d i t i o n a l 
coppice l i g h t p a t t e r n and thus allows the ground f l o r a species to 
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f o l l o w Che c y c l e of disturbance and open ground i n the B - Plan u n i t s . 
Species have time to adapt or t o r e - e s t a b l i s h themselves i n more s u i t a b l e 
niches w i t h i n the wood. Many of the species s t i l l present i n the 
wood are those of the upland pedunculate oak assemblage (Peterken, 
1981) which were presenD before the wood was c o n i f e r i s e d ( Figure 1.5.). 
There are many former c o p p i c i n g species there as w e l l . The g r e a t e r 
par t of the woods at Blanchdown and Grenoven were probably ancient 
woodland which was converted t o coppice and then subsequently t o even-
aged p l a n t a t i o n (Hamilton, pers. comm.) (Figures 1.5. and 1.6.). I n 
the sense t h a t these s i t e s have always been wooded, a l b e i t now w i t h 
c o n i f e r s , they could be considered as a form of primary woodlands 
(Rackham, 1980a; Peterken, 1981). 
Using recent Nature Conservancy Council d e f i n i t i o n s ( K i r b y et^ 
a l ^ 1984), they would be c l a s s i f i e d as ' p l a n t a t i o n s on ancient s i t e s ' 
second only i n conservation value to the 'ancient semi-natural woodland' 
of the remaining oak coppice i n Blanchdown and Grenoven (Figure 1.5.). 
I r r e g u l a r working, s e l e c t i v e f e l l i n g o r , i f p o s s i b l e , t r a d i t i o n a l 
c o ppicing has been recommended f o r the l a t t e r by the F o r e s t r y Commission 
i n t h e i r c o n s u l t a t i v e paper on broadleaves ( F o r e s t r y Commission, 1984). 
An i n t e r e s t i n g aspect of the present implementation of B - Plan 
i n these woods i s t h a t the new woodland s t r u c t u r e may enable some 
species of the former oak coppice to s u r v i v e , d e s p i t e c o n i f e r i z a t i o n . 
Rides also act as reserves of species (Crowe, 1978; Peterken, 
1981). I n Tavistock Woodlands, most of the r i d e s have remained unchanged 
f o r many hundreds of years (Hamilton, pers. comm.). B - Plan has 
the a d d i t i o n a l advantage of p r o v i d i n g permanent rackways where many 
light-demanding species can s u r v i v e . 
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2.5.2. Encourage m a t u r i t y by m a i n t a i n i n g long r o t a t i o n s 
Where i t i s not p o s s i b l e t o grow t r e e s on a long r o t a t i o n . Peterken 
(1981) suggests r e t a i n i n g a s c a t t e r of o l d t r e e s t o encourage hole -
n e s t i n g b i r d s and wood-eating i n v e r t e b r a t e s . Many i n v e r t e b r a t e s are 
threatened w i t h e x t i n c t i o n and 972 d i f f e r e n t species are associated 
w i t h dead and dying wood e s p e c i a l l y under the bark (Stubbs, 1972). 
The economics of modern f o r e s t r y mean t h a t the t r e e s i n the 
Tavistock Woodlands must be harvested when they reach what a f o r e s t e r 
considers t o be m a t u r i t y ( f i n a n c i a l m a t u r i t y ) , but w e l l before what 
a c o n s e r v a t i o n i s t would consider t o be m a t u r i t y ( s e v e r a l hundred y e a r s ) . 
The e s t a t e p o l i c y of l e a v i n g o l d oak stands, e s p e c i a l l y on steep r i v e r 
banks, where i t tends t o be uneconomic to grow c o n i f e r s , and of a l l o w i n g 
the l o p , top and brashings t o remain i n the woods ameliorates t h i s 
problem t o some e x t e n t . This wood not only provides niches f o r f u n g i 
and i n v e r t e b r a t e s , but also provides a s u b s t r a t e f o r n i t r o g e n f i x i n g 
b a c t e r i a (Bormann and Likens, 1979). Leaving dead timber i n the wood 
i s not enough, i t needs the moisture and shade provided by a continuous 
canopy such as t h a t under B - Plan to begin the decay process because 
timber exposed t o the sun becomes h e a t - s t e r i l i s e d (Stubbs, 1972). 
2.5.3. Encourage d i v e r s i t y of s t r u c t u r e of t r e e and shrub species 
and of h a b i t a t 
As described i n Sections 2.4.2 and 2.4.3.. B - Plan provides 
s t r u c t u r a l and h a b i t a t d i v e r s i t y . A d i v e r s i t y of both n a t i v e and 
e x o t i c t r e e and shrub species have been planted, r e s u l t i n g i n s i g n i f i c a n t 
e c o l o g i c a l b e n e f i t s . 
2.5.4. Maintain or r e s t o r e t r a d i t i o n a l management where t h i s i s 
possible and a p p r o p r i a t e 
Systems based on co p p i c i n g and n a t u r a l r e g e n e r a t i o n are normally 
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advantageous (Peterken, 1981). B - Plan shows s i m i l a r i t i e s t o t r a d i t i o n a l 
coppice management w i t h the r e s u l t i n g b e n e f i t s of a v a r i e d l i g h t 
environment i n r e l a t i o n t o the 54 year c y c l e . Also the system enables 
the f o r e s t e r t o take advantage of any n a t u r a l r e g e n e r a t i o n where i t 
i s a p p r o p r i a t e . 
2.5.5. When t r a d i t i o n a l management i s not p o s s i b l e use c o n s e r v a t i o n -
conscious management systems and maintain species n a t i v e t o 
the s i t e 
S e l e c t i v e f o r e s t r y management i s conservation-conscious. A f t e r 
22 years of B - Plan c o n i f e r o u s f o r e s t r y , many species n a t i v e t o the 
s i t e appear t o be t h r i v i n g (Wigston, 1976), p a r t i c u l a r l y on the edges 
of u n i t s and rackways where they remain r e l a t i v e l y undisturbed by 
management, 
2.6. Aims and o b j e c t i v e s 
At the s t a r t of t h i s p r o j e c t , the Bradford Plan had been i n 
o p e r a t i o n i n the Tavistock Woodlands f o r 20 years, w i t h the o l d e s t 
sub-units e n t e r i n g the f o u r t h and subsequently the f i f t h stages. 
The o v e r a l l aim of the t h e s i s was to examine v a r i o u s aspects of the 
ground f l o r a under these e a r l y stages of implementation of B - Plan. 
W i t h i n t h i s , f o u r d i s t i n c t o b j e c t i v e s emerged: 
a) Determination of the f l o r i s t i c composition of the ground 
f l o r a under B - Plan stages I - V and comparison of t h i s 
w i t h adjacent areas of c l e a r - f e l l f o r e s t r y , 
b) Examination of the environmental c o n t r o l s a f f e c t i n g 
f l o r i s t i c composition under e a r l y B - Plan and i n 
p a r t i c u l a r t o study l i g h t as an e c o l o g i c a l f a c t o r . 
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c) Since most of the s i t e s i n the Tavistock Woodlands had 
always been under woodland, although t h i s was not 
co n i f e r o u s , study of the seed banks, t o f i n d out i f 
species of the former deciduous oak coppice were s t i l l 
present and t o look f o r s i m i l a r i t i e s and d i f f e r e n c e s between 
the composition of the seed bank and the present-day ground 
f l o r a . 
d) A n a l y s i s of c e r t a i n aspects of the phenology of ground 
f l o r a species under B - Plan, w i t h the aim o f deter m i n i n g 
the t i m i n g and r e l a t i v e abundance of c e r t a i n c r i t i c a l 
species and seeing how they responded t o Bradford Plan 
management. 
2.6.1. Determination of the f l o r i s t i c composition of the ground f l o r a 
under B - Plan stages I - V and comparison w i t h adjacent areas 
of c l e a r - f e l l f o r e s t r y 
The primary aim of the p r o j e c t was t o complete a p h y t o s o c i o l o g i c a l 
survey of the e a r l y stages of B - Plan i n the Tavistock Woodlands. 
I t was necessary t o d e f i n e the pl a n t communities present at each stage 
and also t o examine s i m i l a r i t i e s and d i f f e r e n c e s w i t h adjacent areas 
of c l e a r - f e l l f o r e s t r y . A f u r t h e r important aspect was to see i f 
the v a r i o u s stages of succession which occur a f t e r c l e a r - f e l l i n g were 
r e p l i c a t e d w i t h i n the small sub-units of each 324m^  Bradford plan u n i t . 
Another reason f o r d e f i n i n g and r e c o g n i s i n g the ground f l o r a 
communities at t h i s stage was to provide a baseline study which w i l l 
provide i n f o r m a t i o n f o r f u t u r e research when B - Plan reaches m a t u r i t y . 
F i n a l l y , from the conservation s t a n d p o i n t , a d e t a i l e d survey 
of the ground f l o r a w i l l provide i n f o r m a t i o n on key e c o l o g i c a l v a r i a b l e s , 
such as the r e l a t i v e d i v e r s i t y of p l a n t species under B - Plan and 
also any p o s s i b l y r a r e or uncommon species. 
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2.6.2. Examination of environmental c o n t r o l s and i n p a r t i c u l a r the 
l i g h t environment 
Early reconnaissance i n d i c a t e d t h a t the primary g r a d i e n t a f f e c t i n g 
the species composition o f the ground f l o r a was probably Che q u a l i t y 
and q u a n t i t y of l i g h t reaching the f o r e s t f l o o r under B - Plan. Also, 
one of the major claims of B - Plan i s t h a t the r e p l i c a t e d s p i r a l 
s t r u c t u r e allows l i g h t t o penetrate through to ground l e v e l at r e g u l a r 
i n t e r v a l s throughout the woodland. Accurate q u a n t i f i c a t i o n of r e l a t i v e 
l i g h t i n t e n s i t i e s was thus seen as a very important o b j e c t i v e . 
2.6.3, Seed Bank s t u d i e s 
Most of the Tavistock Woodlands were f o r m e r l y composed of oak 
coppice w i t h a t y p i c a l associated ground f l o r a . Conversion t o c o n i f e r s 
has occurred l a r g e l y i n the present c e n t u r y , and areas of the former 
oak coppice s t i l l remain on the steepest slopes ( F i g u r e 1.6.). Several 
i n t e r e s t i n g questions and ideas arose i n r e l a t i o n t o the seed banks 
under the B - P l a n system. F i r s t l y , were the species now i n the seed.bank 
the same as those i n the ground f l o r a ? Secondly, were any of the 
former oak coppice species not present i n the ground f l o r a s t i l l present 
i n the seed' bank? T h i r d l y , the past management h i s t o r y of T a v i s t o c k 
Woodlands w i l l be r e f l e c t e d i n the seed banK i n c l u d i n g the past 20 
years of B - Plan. Therefore, the r e s u l t s may have p r e d i c t i v e value 
f o r f u t u r e d i v e r s i t y under t h i s management system. F o u r t h l y , a study 
of p l a n t response through the seed bank under B - Plan could be the 
basis f o r c e r t a i n value judgments about the p o t e n t i a l o f t h i s manage-
ment system f o r c o n s e r v a t i o n . F i n a l l y , few f o r e s t or woodland seed.banks 
have been s t u d i e d and thus examination of the content of the seed bank 
would be of wider i n t e r e s t i n terms of woodlands i n southwest England. 
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2,6.4, An a l y s i s of c e r t a i n aspects of the phenology of the ground 
f l o r a 
B - Plan provides a very d i f f e r e n t environment f o r ground f l o r a 
species when compared t o deciduous oak coppice or c l e a r - f e l l c o n i f e r o u s 
f o r e s t r y , p a r t i c u l a r l y i n terms of l i g h t . Under a deciduous canopy, 
many of the herbs are v e r n a l or autumn l i g h t phase species ( C u r t i s , 
1959; A u c l a i r and Goff, 1971; Mahall and Bormann, 1978). Under B 
- Plan, a v a r i e t y of p h e n o l o g i c a l s t r a t e g i e s would be expected i n 
response to the environmental h e t e r o g e n e i t y in h e r e n t i n the system 
and t o the Bradford Plan management p r a c t i c e s . For t h i s reason s e l e c t e d 
phenological a t t r i b u t e s of a.number of c r i t i c a l species were s t u d i e d 
i n some depth. 
Through a syn t h e s i s of these f o u r o b j e c t i v e s , the prime aim 
of the t h e s i s , an e v a l u a t i o n of the e c o l o g i c a l and conservation i n t e r e s t 
of the ground f l o r a under B - Plan was achieved. 
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CHAPTER 3. PROJECT DESIGN AND FIELDWORK 
CHAPTER 3. PROJECT DESIGNAND FIELDWORK 
3.1. P r o j e c t design . 
The study was completed i n several stages a l l o w i n g 'successive 
refinement' of the methods (Cain and Castro. 1959; Gauch, 1982): 
1) Reconnaissance 
2) P i l o t study - phase 1 - 5 0 random quadrats f o r canopy, 
ground f l o r a and s o i l v a r i a b l e s . 
3) Main survey - phase I I - 20 quadrats t o examine the e f f e c t s 
of B - Plan on the ground f l o r a and the 
e f f e c t s of canopy closure - moosehorn 
measurements. 
A) Main survey - phase I I I - shrub survey i n 17 of the 20 
quadrats at phase I I - second s o i l survey 
to check s o i l v a r i a t i o n - re-check of ground 
f l o r a i n 19 quadrats of phase I I , 
5) D e t a i l e d studies - phase IV - the l i g h t , seed bank and 
phenological surveys i n e i g h t selected 
quadrats from phases I I and I I I . 
Adopting t h i s f i v e - s t a g e approach provided time i n which t o develop 
hypotheses and to experiment w i t h and develop research techniques. 
The approach also supplied i n f o r m a t i o n on which t o base the l a t e r 
more d e t a i l e d surveys (Gauch, 1982). 
3.2. Reconnaissance • 
The o r i g i n a l reconnaissance was completed i n 1977 and 1978. 
A f t e r i n t e r v i e w i n g the c h i e f f o r e s t e r , P h i l i p H u t t , examining the 
estate records, and t o u r i n g the e s t a t e , the study s i t e s were chosen. 
The a d j o i n i n g woods of Blanchdown, Grenoven and H a n g i n g c l i f f were 
selected as they provided a r e p r e s e n t a t i v e v a r i e t y of canopy types, 
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Figure 3.1. Location o f quadrats i n Blanchdown, Grenoven and H a n g i n g c l i f f Woods 
also contained the e a r l i e s t B - Plan s u b - u n i t s . These woods were e a s i l y 
accessible and c o n v e n i e n t l y close t o the esta t e o f f i c e and s a w m i l l . 
A f t e r viewing the woods, i t was decided t h a t t o adequately sample 
the d i f f e r i n g canopies and the d i v e r s i t y of the s i t e , an i n i t i a l survey 
based on randomly placed quadrats would be necessary. 
3.3. P i l o t study - phase I 
3.3.1. Phase I - l o c a t i o n of 50 random quadrats 
The aim of t h i s f i r s t phase was to c h a r a c t e r i z e the o v e r a l l 
v a r i a t i o n i n the canopy types and the ground f l o r a and to g a i n i n f o r m a t i o n 
about the e f f e c t of B - Plan on the ground f l o r a . 
F i f t y quadrats were l o c a t e d using random co-ordinates t o e l i m i n a t e 
any bias i n t h e i r s e l e c t i o n (Mueller-Dombois and Ellenberg,1974; 
Gauch, 1982). The e n t i r e area was sampled which Included a v a r i e t y 
of s i t e c o n d i t i o n s such as areas of mining d i s t u r b a n c e . ( F i g u r e 3.1.) 
A g r i d o f numbers was superimposed on the 1953 Ordnance Survey 1 : 2500 
maps and random numbers were se l e c t e d t o provide co-ordinates f o r 
50 p o i n t s . These were l o c a t e d on the ground by pacing from r i d e 
i n t e r s e c t i o n s . Quadrats were then permanently marked because they 
were t o be v i s i t e d many times e s p e c i a l l y d u r i n g the l a t e r p h e n o l o g i c a l 
survey (Greig-Smith, 1983). Stakes 1.45 m i n height were hammered 
i n t o the ground at the i n t e r s e c t i o n of the random c o - o r d i n a t e s . This 
served as the lower l e f t hand corner of the quadrat, w i t h the remaining 
three corners of the 20 x 2Cta quadrat being l o c a t e d upslope and t o the 
r i g h t of t h a t p o i n t . These three corners were staked w i t h one metre 
high stakes, which were painted red f o r ease of v i s i b i l i t y i n the 
dense v e g e t a t i o n . The quadrat was s i t e d e x a c t l y p a r a l l e l t o the maximum 
s i t e slope using a c l i n o m e t e r , ranging poles and a 20 m measuring 
tape. The second and t h i r d corner stakes were s i t e d at r i g h t angles 
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t o the f i r s t stake using a r i g h t angle prism, ranging poles and 
measuring tapes. 
Quadrat shape and s i z e 
P l o t l e s s sampling, which assumes a random d i s t r i b u t i o n ( G r e i g -
Smith, 1983) i s not s u i t a b l e f o r p l a n t a t i o n s . Square p l o t s are 
h i s t o r i c a l l y p r e f e r r e d i n European p l a n t ecology (Mueller-Dombois 
and E l l e n b e r g , 1974), although a r e c t a n g u l a r p l o t w i t h the main a x i s 
running against any g r a d i e n t such as a contour has been recommended 
as more accurate f o r sampling (Bormann, 1953; Ohmann, 1973). I n 
Bormann's (1953) study of p l o t s i z e and shape i n f o r e s t s , the variance 
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f o r a 400m quadrat was found to be equal t o t h a t f o r r e c t a n g u l a r 
p l o t s of the same area (4 x 100m or 10 x 40m). 
but i n some s i t u a t i o n s the modest gain i n accuracy compared 
to a square may not be j u s t i f i e d i f a square i s more convenient 
or leads t o data more comparable w i t h those of e x i s t e n t s t u d i e s 
of i n t e r e s t . " (Gauch, 1982: p. 57) 
A square had the advantage of r e l a t i n g t o the shape of B - Plan u n i t s -
324m^ (18 X 18m). The 400m^ (20 x 20m) area chosen was thus l a r g e 
enough to c o n t a i n a complete B - Plan u n i t , i f necessary. M u e l l e r -
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Dombois and E l l e n b e r g , (1974) give 200m as a t y p i c a l quadrat siz e 
f o r North American mixed deciduous f o r e s t s , although other woodlajid 
s t u d i e s have used quadrats w i t h i n the range of 200 t o SOOm^ . (Westhoff 
and van der Maarel, 1978.) A square was also more convenient t o use 
because some areas of the study s i t e were d i s s e c t e d by r i d e s , l e a t s 
and other mining f e a t u r e s , A long narrow r e c t a n g l e would have been 
more d i f f i c u l t t o l o c a t e w i t h i n these areas, i n a d d i t i o n t o c r e a t i n g 
edge e f f e c t problems w i t h a longer perimeter. 
3.3.2. Phase I - t r e e survey - 1977-78 
During the w i n t e r of 1977-78 the t r e e s w i t h i n each of the 50 
randomly l o c a t e d quadrats were surveyed by r e c o r d i n g species, height 
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and diameter at breast height - 1.5 metres (Mueller-Dombois and 
E l l e n b e r g , 197A). Height i s an i n d i c a t o r of dominance i n f o r e s t r y 
management, w h i l e basal area i s an e c o l o g i c a l measure of dominance 
used p a r t i c u l a r l y i n North American s t u d i e s ( C u r t i s , 1959; M u e l l e r -
Dombois and E l l e n b e r g , 1974). A Haga t r e e a l t i m e t e r was used t o record 
h e i g h t . Diameter at breast height was measured using a diameter tape 
graduated i n centimetre i n t e r v a l s . Sketch maps were also made of 
each quadrat w i t h the precise measured l o c a t i o n of any s p e c i a l f e a t u r e 
and i n p a r t i c u l a r B - Plan u n i t s . F i n a l l y , slope angle and aspect 
were measured i n each quadrat. 
D e f i n i t i o n of t r e e s and shrubs 
The nature and d e f i n i t i o n of t r e e s and shrubs i n a woodland 
community depends on many f a c t o r s . Thus d e f i n i t i v e height l i m i t s 
cannot always be chosen i n advance (Mueller-Dombois and E l l e n b e r g , 
1974), This f i r s t t r e e survey was based on two commonly used c r i t e r i a 
f o r s e p a r a t i n g t r e e s from the s a p l i n g and shrub l a y e r s : 
a) those i n d i v i d u a l s capable of reaching the canopyj 
b) t r e e s having a diameter at breast height g r e a t e r than 
or equal t o f i v e centimetres (Bunce, 1982). 
The broad age classes of t r e e s , s e e d l i n g , s a p l i n g , mature and 
over-mature (Chapman, 1976; Kershaw and Looney, 1985) are a p p l i c a b l e 
i n ' n a t u r a l ' woodlands but are of l i m i t e d value i n commercially managed 
woods. I n the Tavistock Woodlands Estate, p r a c t i c e s such as s i x - y e a r l y 
c l e a r i n g for new sub-ionit^ weeding d u r i n g the f i r s t two years a f t e r the 
establishment of a sub-unit, and e x t r a c t i o n through the rackways meant 
t h a t v e g e t a t i o n l e v e l s below the canopy are not continuous i n height 
from seedlings t o high canopy ( P l a t e 3.1.). Instead the t r e e s . i n 
the B - Plan u n i t s f o l l o w a s i z e continuum, but the n a t u r a l l y 
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Plate 3.1. Clearing and weeding beneath a Pseudotsuga 
roenziesii canopy 
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regenerated t r e e s u s u a l l y do not. When these n a t u r a l l y regenerated t r e e s 
reach a size over about f i v e metres i n h e i g h t , they tend t o i n t e r f e r e 
w i t h the management operations and are cut back. There are exceptions 
to t h i s , p a r t i c u l a r l y along the r i d e s , at the edges of rackways and 
i n odd corners between u n i t s , but g e n e r a l l y the shrub l a y e r i s less 
than two metres i n height and the n a t u r a l l y regenerated trees are 
i n the two to f i v e metre height range. The r e s u l t of t h i s c u t t i n g 
i s t h a t much of the secondary n a t u r a l regrowth i s i n the form of 
resprouts from s t o o l s . 
The lower growing t r e e s and saplings could not be r e l i a b l y aged, 
because the s t o o l of a Betula or a Quercus may be many years o l d . 
The r e l a t i v e l y s hort and numerous stems may be recent regrowth (Harper, 
1977). These s t o o l s , although s h o r t , could be c l a s s i f i e d as t r e e s . 
They have a s i m i l a r e c o l o g i c a l e f f e c t on the ground f l o r a because 
of a well-developed mature roo t system and a dry matter weight of 
leaves and stems comparable t o a much t a l l e r single-stemmed s a p l i n g . 
There i s disagreement i n the l i t e r a t u r e on the c r i t e r i a f o r 
separating the v a r i o u s l a y e r s of the under and ov e r - s t o r e y . M u e l l e r -
Dombois and Ell e n b e r g (1974) suggest t h a t the common height d i v i s i o n s 
i n f o r e s t communities are: 
Trees - i n d i v i d u a l s g reater than f i v e metres 
Shrubs - i n d i v i d u a l s between 50 centimetres and f i v e metres. 
However they c i t e other s t u d i e s , f o r example, Daubenmire (1968), which 
i n c l u d e s a p lings w i t h t r e e s as those i n d i v i d u a l s g r e a t e r than one 
metre i n h e i g h t . Other authors adapt s i z e c r i t e r i a t o s u i t the aims 
of t h e i r study. For example: 
Trees - i n d i v i d u a l s g r e a t e r than or equal t o fo u r inches 
diameter at breast h e i g h t . 
Saplings - i n d i v i d u a l s l e ss than four inches and gr e a t e r 
than or equal t o one inch diameter at breast h e i g h t . 
(Monk, 1967) 
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Shrubs - a l l woody p l a n t s less than 3.6 metres i n h e i g h t . 
(Bormann and B u e l l , 1964) 
Trees - i n d i v i d u a l s g r e a t e r than 2.54 centimetres i n diameter 
at breast h e i g h t . (Ohmann, 1973) 
One aim of t h i s study i s t o determine the e f f e c t of a l l the 
components of the B - Plan management system on the ground f l o r a . 
N a t u r a l l y regenerated v e g e t a t i o n i s a s i g n i f i c a n t component of B -
Plan s t r u c t u r e . Hence i n phase I I I of t h i s study, when o n l y 17 quadrats 
were examined i n great d e t a i l , a l l those i n d i v i d u a l s g reater than 
f i v e metres i n height were considered as t r e e s . This change, which 
then included the s h o r t e r , n a t u r a l l y r e g e n e r a t i n g t r e e s i n a t r e e 
survey, r e s u l t e d i n a c l e a r e r r e p r e s e n t a t i o n of the v e r t i c a l s t r u c t u r e 
of the woodland under B - Plan management. Occasionally t h i s meant 
the i n c l u s i o n of a species w i t h the t r e e s such as Corylus avellana 
or Sambucus n i g e r , which Bunce (1982) considers t o be a shrub. However, 
i t was f e l t t h a t these c o n t r i b u t e s i g n i f i c a n t l y t o the i n f l u e n c e o f 
the canopy over the herb l a y e r and p a r t i c u l a r l y t o the l i g h t e n v i r o n -
ment . 
3,3.3. Phase I - ground f l o r a study - 1979 
The aim of the phase I ground f l o r a study i n 1979, i n which 
each of the 50 random quadrats was examined, was t o provide b a s e - l i n e 
i n f o r m a t i o n about o v e r a l l v a r i a t i o n under the d i f f e r e n t canopies on 
the e s t a t e . Subsequent, more d e t a i l e d work and the sampling design 
i n phases I I and I I I were also based on these 1979 r e s u l t s . 
During the 1979 growing season, the 400m^ quadrats were sub-
sampled using ten Im^ sub-quadrats. The l o c a t i o n of these were marked 
permanently w i t h small red stakes i n e q u a l l y spaced rows of t h r e e -
two - three-two across the slope (Figure 3.2.), This systematic sub-
sampling was adopted because i t i s less time consuming (Greig-Smith, 
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20 metres 
number = sub-quadrat location 
Figure 3.2. Location o f sub-quadrats w i t h i n 400m 
I ground f l o r a survey - 1979 
quadrat for phase 
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1983). To f a c i l i t a t e r e p l i c a t e sampling, the Im^sub-quadrat was a l i g n e d 
p a r a l l e l t o the side of the l a r g e 400m^ quadrat using a compass. 
The lower l e f t hand corner of the metal quadrat was placed at each 
red peg ( P l a t e 3.2.). 
I n i t i a l l y a c o l l a p s i b l e aluminium dexion quadrat w i t h legs and 
w i t h a g r i d of one hundred lOOcm^ d i v i s i o n s was used. These d i v i s i o n s 
tended t o crush the v e g e t a t i o n , so s l i d i n g rods were employed, although 
t h i s added t o the sampling time. The e x t r a accuracy gained i n the 
cover estimates was not j u s t i f i e d by the considerable time l o s t , and 
the d e c i s i o n was made t h a t more less accurate quadrats are of g r e a t e r 
value than fewer more accurate ones (Gauch, 1982). 
Data f o r t e r r e s t r i a l v e g e t a t i o n are c o l l e c t e d at an " i n t e r m e d i a t e 
l e v e l of accuracy of one d i g i t e stimates" (Gauch, 1982: p. 51). Presence 
and absence data were judged s u f f i c i e n t f o r t h i s phase I p i l o t study, 
w i t h cover estimates being used l a t e r i n the main more d e t a i l e d phase 
I I and I I I s t u d i e s . 
The quadrats were v i s i t e d twice i n 1979, once d u r i n g the l a t e 
s p r i n g and again d u r i n g the e a r l y autumn when any a d d i t i o n a l species 
were recorded. Bryophytes as w e l l as vascular p l a n t s were recorded. 
Observations were also made on s o i l d i s t u r b a n c e , c u r r e n t f o r e s t r y 
o p e r a t i o n s , brash, r o t t i n g logs and l i t t e r . 
3.3.4. Phase I - f i r s t s o i l survey - 1979 
During A p r i l 1979, a p r e l i m i n a r y s o i l survey was conducted on 
the f i r s t 50 quadrats. A p i t was excavated at each sampling p o i n t 
and the l i t t e r depth ( L ) and the humus depth (F and H) were recorded. 
Four p o i n t s per quadrat were loc a t e d halfway between each corner post, 
A s o i l auger was used to o b t a i n a r e l a t i v e measure of the t o t a l s o i l 
depth t o the bottom of the C h o r i z o n . Any s o i l depth g r e a t e r than 
the depth o f the auger was noted ( 63 c e n t i m e t r e s ) . 
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i I 
Plate 3.2. Red pegs marking sub-quadrat l o c a t i o n s 
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A sample from the A h o r i z o n and one from the B h o r i z o n f o r each 
of the four sampling p o i n t s was analysed f o r pH (400 samples). Samples 
were stored o vernight i n a c o l d room at 4'*C t o lessen the l i k e l i h o o d 
of any chemical changes due to heightened b a c t e r i o l o g i c a l or f u n g a l 
a c t i v i t y . The pH was measured w i t h an E.IL 7050 meter ( E l e c t r o n i c 
Instruments L t d . ) . The pH meter was b u f f e r e d at both 4 and 7 although 
the expected pH was t o be around 4 (Smith and Atkinson, 1975), A 
s o l u t i o n of s o i l t o d i s t i l l e d water - 1 to 2.5 - was mixed and s t i r r e d 
r e g u l a r l y f o r 15 minutes (Smith and Atkinson, 1975). The sample was 
then g e n t l y a g i t a t e d w i t h the e l e c t r o d e u n t i l the reading had s t a b i l i s e d 
(Kent et aL, 1981). 
S o i l moisture samples of the B h o r i z o n were taken and analysed 
using the g r a v i m e t r i c method (Smith and Atkinson, 1975). S o i l moisture 
was expressed as an average of the percent loss f o r the four samples 
per quadrat, 
3.4. Phase I I - survey of the e f f e c t s of B - Plan on the ground f l o r a -
1981 - Main survey 
3.4.1. The ground f l o r a survey 
This survey i n v o l v e d 20 quadrats whose choice was based on the 
r e s u l t s o f the phase I survey o f both the t r e e s and the ground f l o r a , 
as w e l l as on h i s t o r i c a l i n f o r m a t i o n . Of the 20 quadrats, 14 were 
chosen from the o r i g i n a l 50 i n phase I because they contained B - Plan 
u n i t s of v a r y i n g ages (Table 3.1.). The remaining s i x were new ones 
inc l u d e d f o r comparative purposes t o enable the e f f e c t s of B - Plan 
to be separated from those of the previous major canopy types. These 
s i x were chosen s u b j e c t i v e l y . The l o c a t i o n s of the quadrats are shown 
i n Figure 3.1. 
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Table 3.1. F i n a l 20 quadrats selected f o r phases I I and I I I 
Quadrat No.* Major Canopy Type 
(based on dominant 
planted species) 




29 Pinus spp 
I I 
I I I 
Later o m i t t e d -
tre e s and ground 
f l o r a a f f e c t e d 
by mine waste 




L a r i x spp, and 
Pinus spp. or 




Stages IV and V 
are the same age 
a double sub-unit 
was c l e a r e d f o r 
more l i g h t 
17 
14 
Picea s i t c h e n s i s V 
or Picea abies I I I 
Picea abies 
Picea s i t c h e n s i s 
A f t e r 1979 Stage 






Quercus x rosacea 
Quercus x rosacea 
w i t h some planted 












w i t h standards 
Oak coppice 
w i t h standards 
51 Fagus s y l v a t i c a F a i l e d B - Plan 
w i t h L a r i x spp. 
19 Mixed C o n i f e r s New P l a n t a t i o n 
No B - Plan 
New P l a n t a t i o n 






m e n z i e s i i 




to p l a n t i n g s 
32 
38 
No canopy No B - Plan 
No B - Plan 
Quercus and 
Fagus cl e a r e d 
1979 
Nothofagus 
p l a n t a t i o n 
Quadrat numbers und e r l i n e d are the s i x new quadrats 
7 2 
"A workable approach, i f the t e r r a i n a l l o w s , i s to record 
stands i n i t i a l l y by a scheme s t r a t i f y i n g ,.. i f a p p r o p r i a t e 
and then add any stands t h a t appear t o be d i f f e r e n t from 
those a l r e a d y recorded." (Greig-Smith, 1983; p. 306) 
P r e f e r e n t i a l sampling i s used most f r e q u e n t l y by p l a n t e c o l o g i s t s 
(Poore, 1962; Goldsmith and H a r r i s o n , 1976) and as suggested by Gauch 
(1982) t h i s can cause b i a s . However, when the data are analysed using 
m u l t i v a r i a t e a n a l y s i s f o r d e s c r i p t i v e purposes, p r e f e r e n t i a l sampling 
i s acceptable ( C r o v e l l o , 1970). 
To reduce sampling time and s i m p l i f y r e c o r d i n g , d u p l i c a t e d 
r e c o r d i n g sheets were produced w i t h a l l the species expected t o occur 
i n these 20 quadrats (Figure 3,3a-d). 
I n the phase I ground f l o r a survey, some areas were over-sampled, 
p a r t i c u l a r l y those quadrats w i t h o u t B - Plan and w i t h a u n i f o r m canopy 
and a r e s u l t a n t u n i f o r m ground f l o r a . The B - Plan quadrats needed 
more s e l e c t i v e samples. 
" I f e l u c i d a t i o n of c o r r e l a t i o n s between v e g e t a t i o n and 
environment i s the primary o b j e c t i v e , stands should, as 
f a r as p o s s i b l e , i n c l u d e a l l v a r i a n t s of v e g e t a t i o n and 
an equal r e p r e s e n t a t i o n of a l l v a r i a n t s , " 
(Greig-Smith, 1983: p. 305) 
Hence i n the new sampling scheme f o r phase I I , the number of sub-
quadrats was allowed t o vary. I n those quadrats w i t h o u t B - Plan, 
e i g h t sub-quadrats were s i t e d ( F igure 3.4a), one at each corner and 
one at the midpoint of each s i d e , each being marked w i t h a small red 
peg. I n the quadrats c o n t a i n i n g B - Plan, the f i r s t e i g h t sub-quadrats 
were s i t e d as i n Figure 3.4a. However, i n a d d i t i o n , two f u r t h e r sub-
quadrats were placed w i t h i n each B - Plan sub-unit, including those recently 
cleared but not yet planted (Figure 3.4b). The number of sub-quadrats 
then v a r i e d between 8 and 18. A t o t a l of 244 sub-quadrats were thus 
s i t e d w i t h i n the 20 main quadrats. 
2 
During phase I . handling a Im quadrat proved d i f f i c u l t because 
the area i n the centre proved impossible to examine w i t h o u t crushing 
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number = sampling point 
Figure 3.4a. Location of sub-quadrats w i t h i n a 400in quadrat w i t h o u t 











number = sampling point 
Figure 3.4b. Location o f sub-quadrats w i t h i n a 400m^ quadrat contai n i n g 
B - Plan sub-units f o r phases I I , I I I and IV 
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the p l a n t s around the edge. Thus i n phase I I , a half-metre.squared 
r e c t a n g u l a r quadrat o f aluminium dexion was employed ( P l a t e 3.3..). 
Greig-Smith (1983) suggests t h a t a r e c t a n g u l a r quadrat avoids t r a m p l i n g 
and a l a r g e r number of smaller samples w i l l g ive a b e t t e r o v e r a l l 
d e s c r i p t i o n of v a r i a t i o n i n the v e g e t a t i o n (Green, 1979). 
3.A.2. Measures of abundance 
"The a d d i t i o n a l e f f o r t r e q u i r e d f o r a v i s u a l estimate of 
abundance inst e a d of a record of mere presence i s ( o f t e n ) 
small ... This small e f f o r t produces more i n f o r m a t i v e data, 
s u i t a b l e f o r a gr e a t e r v a r i e t y of purposes." (Gauch, 1982: 
p. 52) 
Although e r r o r s are made i n v i s u a l e s t i m a t i o n , g e n e r a l l y the 
o v e r a l l v a r i a b i l i t y or noise i n a sample i s gr e a t e r than t h a t a t t r i b u t a b l e 
to v i s u a l e r r o r , (Brown, 1954; O r l o c i , 1978). I n comparing v i s u a l 
cover estimates w i t h the data obtained from a point-quadrat frame, 
Sykes et aL, (1983) found t h a t : 
"For most taxa considered here, (woodland ground f l o r a s p e c i e s ) , 
the 90% confidence i n t e r v a l f o r an observer drawn at random 
spans a range of approximately + or - 10-20% cover of the mean 
value; the corresponding range f o r an observer r e p e a t i n g an 
estimate a few days l a t e r on the same quadrat i s approximately 
+ or - 5-15%, There i s thus a worthwhile gain i n p r e c i s i o n 
from the use of a s i n g l e observer." (Sykes et aL, 1983: 
p. 449) 
Smartt e t a l ^ (1974) found t h a t frequency data were s u f f i c i e n t l y s i m i l a r 
to presence and absence data not to j u s t i f y the e x t r a time spent on 
c o l l e c t i o n s w h i l e percentage cover estimates c o r r e l a t e d w e l l w i t h 
weighted biomass. Some measure of abundance approximating t o biomass 
i s favoured by most e c o l o g i s t s (Smartt et aL, 1974). D i r e c t estimates 
of cover using p i n frames were too d i f f i c u l t and time-consuming 
e s p e c i a l l y i n the densely vegetated areas. However, any e x t r a accuracy 
gained would be l o s t i n the a n a l y s i s since r e s u l t s from m u l t i v a r i a t e 
a n a l y s i s are not a f f e c t e d by d i f f e r e n c e i n the data f i n e r than those 




Plate 3.3. Sampling quadrat used i n phases I I - IV 
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The Domin-Krajina cover-abundance e s t i m a t i o n scale (Table 3.2.), 
which combines cover w i t h abundance (Sykes et aL, 1983) f u l f i l l e d 
the requirements f o r a measure of cover. I t s a p p l i c a b i l i t y i n f o r e s t 
communities i s w e l l proven (Mueller-Dombois and E l l e n b e r g , 1974). 
Table 3,2. The Domin-Krajina scale 
% 
10 = 100% 
9 75% 
8 50 - 75% 
7 - • 33 - 50% 
6 25 - 33% 
5 10 - 25% 
4 5 - 10% 
3 1 - 5 % 
2 1% 
1 seldom 
+ s o l i t a r y 
3.4.3. Measurement of canopy cl o s u r e - moosehorn measurements 
I n an e f f o r t t o s a t i s f y p a r t of the second aim of t h i s p r o j e c t , 
the q u a n t i f i c a t i o n of environmental c o n t r o l s and i n p a r t i c u l a r l i g h t , 
and t o separate t h e i r e f f e c t s from those of management and past h i s t o r y , 
a measure, of canopy c l o s u r e was made d u r i n g t h i s phase I I survey i n 
1981. The degree of canopy cl o s u r e c o n t r o l s the l i g h t c l i m a t e on 
the ground. One of the primary e f f e c t s of B - Plan appears t o be 
i t s p r o d u c t i o n of v a r i o u s sized openings i n the canopy. A moosehorn 
canopy- sampler was constructed and t e s t e d i n the f i e l d ( P l a t e 3.4.). 
( G a r r i s o n , 1949; Morrison and Yarranton, 1970). The g r i d i n s i d e the 
canopy sampler i s d i v i d e d i n t o 100 sections and percentage cover i s . 
c a l c u l a t e d by simply counting the number of squares i n which canopy 
v e g e t a t i o n appears. A comparison of the raoosehorn r e s u l t s w i t h those 
of a sample l i g h t meter (Figure 3.5a and b ) , shows t h a t although the 
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• - # Moose-horn 
O O Light meter 
A Sub-quadrat outside B-Plan sub-unit 
SI Sub-quadrat in B-Plan sub-unit 
Figure 3.5a. Moosehorn readings compared to l i g h t meter readings under a Fagus s y l v a t i c a w i t h L a r i x spp. canopy 
quadrat 51 
100 












Sll Sl l SHI Sill 
Key 
• • Moose-horn 
O — O Light meter 
A Sub-quadrat outside B-Plan sub-unit 
SI.Sll.Sill Sub-quadrats in B-P lan sub-unit 
Figure 3.5b. Moosehorn readings compared to l i g h t meter readings under a Quercus x rosacea canopy w i t h three 
B - Plan sub-units - quadrat 54 
canopy sampler d e t e c t s only major d i f f e r e n c e s i n canopy c l o s u r e , the 
r e s u l t s correspond t o those of the l i g h t meter. I t i s , however, 
p a r t i c u l a r l y i n s e n s i t i v e under a closed canopy (Figure 3.5a.). Figure 
3.5b also i l l u s t r a t e s the d i f f i c u l t i e s w i t h l i g h t meter readings 
on days when the cloud c o n d i t i o n s are not u n i f o r m , 
3.5. Main survey - phase I I I - Shrub survey - 1982 and re-examination 
of ground f l o r a i n phase I I quadrats 
A d e t a i l e d survey of the shrubs i n 17 of the 20 selected quadrats 
was undertaken i n 1982, t o s a t i s f y the f i r s t aim of the p r o j e c t by 
p r o v i d i n g basic i n f o r m a t i o n on species and abundance and t o determine 
how B - Plan a f f e c t s the shrub l a y e r . 
3.5.1, D e f i n i t i o n of shrubs 
Shrubs do not receive much a t t e n t i o n i n v e g e t a t i o n surveys 
of Eurasian and North American f o r e s t s because the canopies are one-
layered w i t h only a few s c a t t e r e d l a r g e shrubs, and the low growing 
shrubs are u s u a l l y i n c l u d e d i n the ground f l o r a (Larsen, 1980). Hence 
the height c r i t e r i a used to d e f i n e the understorey l a y e r and the methods 
by which the dominance of t h i s l a y e r i s assessed vary g r e a t l y i n the 
l i t e r a t u r e . Table 3.3, i l l u s t r a t e s t h i s v a r i a t i o n . Rowe (1959) d i v i d e s 
the shrubs i n t o three classes - less than one metre, one t o three 
metres and g r e a t e r than three metres. 0hmann(1973) groups t r e e seedlings 
w i t h t a l l e r shrubs as i n d i v i d u a l s g reater than 15cms. Like Gauch 
(1982) and Whittaker (1978), he then suggests measuring the diameter 
at the base of the shrubs as a measure of dominance. As an a l t e r n a t i v e 
t o t h i s , a l l three authors suggest cover estimates. ' Ohmann(1973) 
uses a l i n e i n t e r c e p t method reading of l i n e a r cover along a tape. 
Williams (1971) f e e l s t h a t p o i n t s and l i n e s should not be used i n 
survey work and t h a t areas are more a p p r o p r i a t e . Gauch (1982) and 
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Table 3.3. C r i t e r i a used f o r shrub/understorey surveys 
Author Forest Type Height C r i t e r i a Dominance 
measures 
Rowe (1959) temperate Im; l-3m; 3m, — 
Ohmann(1973) temperate A l l woody p l a n t s 
15cm but not 
par t of the canopy 
Diameter 
classes or 
cover ( l i n e 
i n t e r c e p t ) 
Gauch (1982) and 
Whittaker (1978) 
temperate Diameter at 
base or 
v i s u a l cove 
estimates 
Bunce and Shaw (1973) 
and Bunce (1982) 
temperate — Diameter at 
base 
Borman and B u e l l 
(1964) 
temperate A l l woody p l a n t s 
3. 6m. 
Cover ( l i n e 
i n t e r c e p t ) 
KUchler (1949) t r o p i c a l Im = shrubs 
Im = dwarf shrubs. 
— 
(1966) 0.1-0,5 = shrubs, 
0.1m == dwarf shrubs. 
Mueller-Dombois and 
Ellenberg (1964) 
temperate 30 or 50cms .to 2 or 3m 
and 2 or 3m to 5m. 
— 
Whittaker (1978) propose v i s u a l cover estimates, Ktlchler (1949; 1966), 
working i n t r o p i c a l r a i n f o r e s t s , used two d i f f e r e n t " s e t s of height 
l i m i t s , the second a r e v i s i o n of the f i r s t (Table 3.3.). M u e l l e r -
Dombois and E l l e n b e r g , (1974) f e e l the height classes f o r shrubs from 
30 or 50cms t o 5m, w i t h a s u b d i v i s i o n i n t o two classes at e i t h e r two 
or three metres and w i t h a maximum herbaceous height of one metre 
are "commonly found convenient". These p a r t i c u l a r c r i t e r i a s u i t e d 
the understorey l a y e r s under B - Plan and the shrubs were thus surveyed 
i n the manner shown i n Table 3.4, 
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Table 3.4. C r i t e r i a used f o r the shrub survey • - 1982 
Layer Size c r i t e r i o n Abundance measure 
Upper 
Lower 
>2m; ^5m i n height 
4; 2m i n height 
2 
Basal area - cm 
2 
T o t a l cover - m 
3.5.2, The shrub survey 
Between May and October 1982, the height and e i t h e r cover or 
diameter at breast height were recorded f o r a l l woody i n d i v i d u a l s , 
i n c l u d i n g t r e e s e e d l i n g and s a p l i n g s i n 17 of the selected 20 quadrats. 
Of the three other quadrats, quadrat 29 was p r e v i o u s l y omitted due 
to damage from mine waste r u n o f f . Quadrat 38, as pa r t of a newly 
planted Nothofagus p l a n t a t i o n , was weeded f r e q u e n t l y , thus severely 
i n h i b i t i n g the shrub l a y e r , and the l a c k of l i g h t under the dense 
even-aged p l a n t a t i o n of quadrat 19, precluded the s u r v i v a l of any . 
shrub l a y e r . Both of these quadrats e x h i b i t e d the e f f e c t s of con-
v e n t i o n a l management of the shrub l a y e r . 
Cover was estimated f o r a l l the i n d i v i d u a l s i n the lower shrub 
l a y e r using a metre r u l e and/or a tape measure. I n the upper shrub 
l a y e r , basal area was c a l c u l a t e d from diameter breast height measurements 
When d e a l i n g w i t h c o p p i c e - l i k e regrowth of species such as Quercus, 
Betula or Corylus, the number of stems was counted and the diameter 
at breast height of the l a r g e s t stem was measured. From t h i s , an 
estimate of basal area was c a l c u l a t e d by m u l t i p l y i n g the number of 
stems times the diameter of the l a r g e s t stem and then d i v i d i n g by 
two. This estimate of the t o t a l basal area of a multi-stemmed i n d i v i d u a l 
compared w e l l w i t h other records of multi-stemmed i n d i v i d u a l s , where 
a l l the stems were measured. 
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3.5.3. A second s o i l survey 
The aim of t h i s second s o i l survey was to c o n f i r m the i n f o r m a t i o n 
on s o i l p r o p e r t i e s gained i n the p i l o t survey of phase I f o r the 20 
quadrats selected at phase I I . The e f f e c t s of edaphic f a c t o r s on the 
ground f l o r a needed t o be s t u d i e d i n order to separate s o i l e f f e c t s 
from those of the l i g h t environment and the management and h i s t o r y . 
On September 30th and October 1st, 1982 t h i s f i n a l s o i l survey 
was conducted. Samples f o r pH and % s o i l moisture content were taken 
and analysed as i n the e a r l i e r survey, but sampling p o i n t s were more 
numerous being w i t h i n one metre of every sub-quadrat f o r each of the 
19 quadrats.. Only one sample was c o l l e c t e d between each of the two 
sub-quadrats i n each B - Plan sub-unit (Figure 3.4b). 
3.5.4. The ground f l o r a survey 
Once d u r i n g the shrub survey, the ground f l o r a of some of the 
quadrats i n phase I I was re-examined. These quadrats were the 11 
( o m i t t i n g quadrat 29) not included i n phase IV. No s i g n i f i c a n t changes 
were n o t i c e d , but two new species were recorded, A g r o s t i s s t o l o n i f e r a 
and Hyacinthoides n o n - s c r i p t a . 
3.6. Phase IV - l i g h t , seed bank and phenological s t u d i e s on e i g h t 
quadrats selected from phases I I and I I I 
I n 1982, between A p r i l and October, the f i n a l p a r t of the study 
was conducted. Eight quadrats were chosen f o r t h i s more d e t a i l e d survey 
on the basis of the p h y t o s o c i o l o g i c a l analyses of the q u a n t i t a t i v e 
data c o l l e c t e d i n phase I I . C e r t a i n ground f l o r a species appeared 
to be associated w i t h p a r t i c u l a r canopies and w i t h p a r t i c u l a r B - Plan 
stages. Hence e i g h t c o n t r a s t i n g quadrats were se l e c t e d from these 
groupings. 
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3.6.1. S e l e c t i o n of quadrats 
Two Plnus spp. canopied quadrats 4 and 9, each w i t h w e l l developed* 
B - Plan u n i t s , were chosen (Figure 3.1; Table 3.5.). Quadrats A and 
9, although s i m i l a r now. d i f f e r i n t h e i r h i s t o r y . Quadrat 4 i s on 
the s i t e of an area t h a t was almost c e r t a i n l y former heath and which 
was damaged d u r i n g mining operations i n the 1800's, w h i l e quadrat 9 
i s a c o n t i n u o u s l y wooded s i t e (Hamilton, pers. comm.), (Figure 1.5.). 
Quadrat 13 was chosen because i t represented a deciduous canopy on 
a c o n t i n u o u s l y wooded s i t e (Figures 1.5. and 3.1.), w i t h the l a r g e s t 
number of B - Plan sub-units - f i v e . Quadrats 52 and 54 also represented 
deciduous canopies but of a broadleaf, Quercus. Quadrat 52 appeared 
to be p a r t i c u l a r l y i n t e r e s t i n g because i t i s on a c o n t i n u o u s l y wooded 
s i t e and i s abandoned coppice w i t h Sorbus t o r m i n a l i s , an i n d i c a t o r 
i n eastern England of ancient woodland (Peterken, 1981), (Figures 1.5. 
and 3.1.). Quadrat 54, w i t h a B - Plan u n i t , provided the only quadrat 
where the e f f e c t s of an oak canopy on B - Plan could be examined. 
The only other r e p r e s e n t a t i v e of t h i s r a r e type was quadrat 40, where 
the B - Plan u n i t had f a i l e d due to r a b b i t damage. Quadrats 55 and 
56 represented the mature Pseudotsuga canopy under which the B - Plan 
u n i t s appear t o be_ p a r t i c u l a r l y s u c c essful (Table 3.5; Figure 3.1,). 
F i n a l l y , quadrat 14 w i t h a Picea s i t c h e n s i s canopy, was chosen because' 
i t c l e a r l y shows the e f f e c t of opening up a dense, dark canopy t o i n t r o -
duce B - Plan ( P l a t e 1.4.). The enhanced ground f l o r a growth i s c l e a r l y 
v i s i b l e . 
3.6.2, Measurement of l i g h t under the canopy 
The aim of t h i s f i r s t p a r t of phase IV was t o provide data on 
the l i g h t c l i m a t e under B - Plan. During the phase I I survey, the 
moosehorn canopy sampler was used to measure canopy c l o s u r e , but was 
found to detect only gross d i f f e r e n c e s i n cover. L i g h t meters have 
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Table 3.5. Eight quadrats s e l e c t e d - f o r the d e t a i l e d study i n 1982 
Quadrat Canopy type 
B -
S I 
Plan p l o t 
S I I 
w i t h p l a n t i n g date 
S I I I S IV S V 
Pinus spp. 1976 1976 
9 Pinus spp. 1973 1980 1980 
13 L a r i x spp. 1962 1968 1973 1980 1980 
lA Picea 
s i t c h e n s i s 1973 1980 1980 
52 Quercus 
X rosacea No B - Plan - abandoned coppice 
5A Quercus 
X rosacea 1961 1967 1973 1973 
55 Pseudotsuga 
m e n z i e s i l 1961 1967 1973 1980 
56 Pseudotsuga 
m e n z i e s i i 1961 1969 1973 1980 
also been used i n other s t u d i e s but measurement i s always d i f f i c u l t 
because cloud and l i g h t c o n d i t i o n s are never uniform. Constant f l u c t u a -
t i o n s i n both d i f f u s e and d i r e c t l i g h t , even-in overcast c o n d i t i o n s 
make instantaneous measurements d i f f i c u l t and i n a c c u r a t e (Anderson, 1964) 
For t h i s reason, d i r e c t measurement of l i g h t was r e j e c t e d and 
hemispherical photographs were used to c a l c u l a t e both the d i f f u s e and 
d i r e c t components of the g l o b a l short wave r a d i a t i o n at each sub-quadrat 
w i t h i n the e i g h t selected quadrats. Pope and Lloyd (1975) s t a t e d t h a t 
although on an annual basis 60% of the t o t a l r a d i a t i o n i s d i f f u s e , 
i t s " v a r i a b l e and u n p r e d i c t a b l e n a t u r e " and i t s dependence on c l i m a t e s 
where the p r e v a i l i n g c l i m a t i c c o n d i t i o n s tend more toward overcast 
c o n d i t i o n s means t h a t d i r e c t i r r a d i a t i o n i s of g r e a t e r e c o l o g i c a l s i g -
n i f i c a n c e . However, i n the d i s c u s s i o n f o l l o w i n g t h i s paper, Evans 
suggests t h a t comparisons of d i f f u s e r a d i a t i o n w i t h i n the same area 
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are p o s s i b l e . Salminen et a l . , (1983) found a high c o r r e l a t i o n when 
d i r e c t r a d i a t i o n measurements were compared w i t h i n d i r e c t measurements 
of d i f f u s e r a d i a t i o n using hemispherical photographs i n overcast but 
not sunshine c o n d i t i o n s . 
A d i f f i c u l t y i n using hemispherical photographs i s t h a t the r e s u l t i n g 
measurements are only composed of the short wavelengths. Gay and Knoerr 
(1975) showed t h a t long wave s c a t t e r e d r a d i a t i o n i n the i n f r a - r e d i s 
a dominant p r o p o r t i o n of the f o r e s t r a d i a t i o n budget, p a r t i c u l a r l y 
i n the s p r i n g and autumn. This p o r t i o n can be accounted f o r by e s t i m a t i o n 
of 'sky view f a c t o r s ' (Oke, 1978; Proc t o r , 1980), or by the use of 
radiometers which measure both short and long wave r a d i a t i o n (Gay and 
Knoerr, 1975). However t h i s was considered t o be beyond the scope 
and i n t e n t of t h i s study and although the hemispherical photographs 
do not take i n t o account t h i s s c a t t e r e d long wavelength r a d i a t i o n , 
they provide a good estimate of p h o t o s y n t h e t i c a l l y a c t i v e r a d i a t i o n , 
400-700mm, f o r both d i f f u s e and d i r e c t l i g h t , when compared t o the 
a c t u a l values averaged over a pe r i o d of a month or longer (Anderson, 
1971).. 
Hemispherical photographs 
Each month, from May u n t i l October ( o m i t t i n g September), hemis-
p h e r i c a l photographs were taken of the canopy over each sub-quadrat 
i n the e i g h t selected quadrats. Subsequent examination of the photos 
showed t h a t i n most, the change i n cover between the end of May and 
subsequent months was not s i g n i f i c a n t . Thus the l a t t e r were not analysed. 
Hutchison and Matt (1977) comment t h a t changes i n a L i r i o d e n d r o n 
t u l i p i f e r a stand i n Tennessee the changes induced by l e a f phenology 
are as great as the seasonal changes due to the v a r i a t i o n s i n the 
d e c l i n a t i o n of the sun. However, i n the few cases where the change 
i n c l o s u r e was l a r g e , the photos f o r both May and August were analysed. 
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This was t r u e p a r t i c u l a r l y f o r the deciduous canopy i n quadrat 54 
(Figure 3.1.) and f o r several sub-quadrats, where P t e r i d i u m aquilin.um 
created a low dense canopy a f t e r the May photo was taken. The Quercus 
canopy i n quadrat 52, which i s on a so u t h - f a c i n g slope, had already 
reached i t s f u l l expansion by the end of May. 
A semi-fisheye lens (Hanimax) was used as a co n v e n t i o n a l f i s h e y e 
lens was not a v a i l a b l e . Black and white HPS f i l m was employed and 
the speed upgraded i n the developing. The photographs were p r i n t e d 
w i t h f a i r l y h igh c o n t r a s t . The semi-fisheye lens covered an angle 
of 150"* . The loss of 15" close t o the hori z o n i s not as s i g n i f i c a n t 
as might f i r s t appear, because Mad^wick and Brumfield (1969) found 
t h a t i n a c o n i f e r o u s stand 99.6% of the co s i n e - c o r r e c t e d d i f f u s e l i g h t 
came from a zone of sky w i t h i n 70" of the z e n i t h , w i t h 98.4% i n a 
hardwood stand. 
The drawback i n using t h i s semi-fisheye lens i s apparent when 
e s t i m a t i o n of d i r e c t r a d i a t i o n i s made using the s o l a r t r a c k diagrams 
(Figure 3.6.). The December t r a c k i s l o s t completely, as are s e v e r a l 
hours of each of the other t r a c k s throughout the year. The percentage 
of the t o t a l d a i l y r a d i a t i o n l o s t ( c a l c u l a t e d from f i g u r e s obtained 
from the M e t e o r o l o g i c a l O f f i c e s t a t i o n at Camborne) f o r one day per 
month or p a i r s of months represented' by the s o l a r t r a c k s i n Figure 
3.6. i s as f o l l o w s : 
Months % l o s t 
June 21st 2.0 
May 22/July 22 1.5 
A p r i l 21/August 22 2.5 
March 22/September 22 9.0 
February 20/October 22 11.0 
January 20/November 22 22.5 
These losses are r e l a t i v e l y small i n terms of the t o t a l d i r e c t 


















only 9% of t h a t i n June. The photos were t h e r e f o r e s t i l l acceptable 
f o r w i t h i n - s i t e comparisons, i f not f o r absolute r a d i a t i o n value d e t e r -
minations . 
I n t a k i n g hemispherical photographs, l e v e l l i n g of the camera 
i s important (Evans and Coombe, 1959). A t r i p o d proved d i f f i c u l t 
to l e v e l and d i d not provide a f i r m base on which t o r e s t the camera. 
A 180*=" r o t a t i n g t r i p o d was not a v a i l a b l e . Hence a ' b i r d t a b l e ' arrange-
ment was devised ( P l a t e 3.5.). The t a b l e was attached to a one-metre 
high stake, which could be hammered i n t o the same hole each month 
at the lower l e f t - h a n d corner of each sub-quadrat. Using a s p i r i t 
l e v e l , the top of the t a b l e could be made both f i r m and l e v e l by 
a d j u s t i n g the stake i n the ground. A f t e r the exposure and the delayed 
time release were s e t , the camera was then placed on the i n t e r s e c t i o n 
of two perpendicular l i n e s drawn on the top of the t a b l e . Each photograph 
i n c l u d e d a marker pole i n d i c a t i n g magnetic n o r t h . Adjustment f o r 
the 5 degree d i f f e r e n c e i n 1982 between magnetic and t r u e n o r t h was 
made i n a n a l y s i n g the s o l a r t r a c k s . A compass was used t o p o s i t i o n 
the pole next to the ' b i r d t a b l e ' . 
C a l c u l a t i o n of d i r e c t and d i f f u s e r a d i a t i o n 
Global and d i f f u s e ( d i r e c t = g l o b a l - d i f f u s e ) i r r a d i a t i o n data 
i n m i l l i w a t t s per square centimetre were a v a i l a b l e from the Meteorolo-
g i c a l O f f i c e ' s s t a t i o n at Camborne. The s t a t i o n i s close to T a v i s t o c k 
Woodlands i n l a t i t u d e 50''13' and 50'*32' r e s p e c t i v e l y . The data were 
i n the form o f the monthly means per hour (LAT) f o r the years 1982 
to 1984, the s t a t i o n having only commenced r a d i a t i o n readings i n 1982. 
These mean values are close to what would be obtained over a p e r i o d 
of many years f o r the s p e c i f i c dates used i n the s o l a r t r a c k diagrams 
(Weaver, Met O f f i c e , pers. comm.). 
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P l a t e 3,5. 'Bird t a b l e ' used for taking h e m i s p h e r i c a l photographs 
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A s o l a r t r a c k diagram was constructed t o estimate d i r e c t l i g h t 
(Evans and Coombe, 1959; Anderson. 1964 and 1971; Proctor, 1980). 
The percentage of the t r a c k t h a t was c l e a r i n each photograph was 
estimated using a c l e a r o v e r l a y (Figure 3.6.). Then the t o t a l percent 
d i r e c t r a d i a t i o n per hour was c a l c u l a t e d using the f i g u r e s from the 
Camborne data t o weight the percentage d i s t r i b u t i o n on an h o u r l y basis 
(Table 3.6.). The r e s u l t i n g percentages were summed f o r each t r a c k 
and then again summed f o r the seven monthly t r a c k s , r e s u l t i n g i n a 
composite annual s i t e f a c t o r , a d i r e c t s i t e index, t o s i m p l i f y 
comparison of the r e s u l t s . Pope and Lloyd (1975) used the r e a l values 
i n c a l c u l a t i n g a s i m i l a r o v e r a l l s i t e r a d i a t i o n index. 
Table 3.6. Hourly percent c o n t r i b u t i o n t o the t o t a l d a i l y d i r e c t 
r a d i a t i o n per month c a l c u l a t e d from the M e t e o r o l o g i c a l 
O f f i c e S t a t i o n at Camborne. Data f o r 1982-1984 
Hours(LAT) June May/ A p r i l / March/ February/ January/ 
J u l y August September October November 
6- 7 4.0 2.5 
7- 8 6.0 5.0 4.5- - - -
8- 9 8.0 7.0 8.0 6.5 - -
9-10 9.0 9.5 10.0 10.0 11.0 -
10-11 11.0 11.5 -12.0 12.5 16.0 17.0 
11-12 11.0 12.5 13.5 14.0 18.0 22.5 
12-13 12.0 12.0 13.5 15.0 17.0 • 21.5 
13-14 11.0 12.0 12.0 14.0 16.0 16.5 
14-15 9.0 10.0 11.0 11.5 11.0 -
15-16 7.0 8.0 8.0 7.5 - -
16-17 6.0 5.5 5.0 - - -
17-18 4.0 3.0 — — — — 
- = hours missing as a r e s u l t of the 150" semi -f i s h e y e photograph 
Note: The values f o r p a i r s of months are averages of the two 
sets of measurements 
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Analysis of hemispherical photographs using a computerised 
v i s u a l image a n a l y s i s system 
D i f f u s e l i g h t was c a l c u l a t e d using Anderson's (1971) g r i d . 
However i n s t e a d of s u b j e c t i v e l y e s t i m a t i n g the c l e a r area i n each 
se c t i o n of the g r i d (which c o n t r i b u t e s 0,1% of the t o t a l d i f f u s e l i g h t ) , 
a computerised image a n a l y s i s method was employed. 
"Comparison of estimates of d i f f u s e s i t e f a c t o r s obtained 
from each of three hemispherical photographs I n d i c a t e d l a r g e 
v a r i a t i o n s among s i x observers." (Madgwick and B r u m f i e l d , 
1969: p. 537) 
The computerised method was employed both t o reduce these v a r i a t i o n s 
by p r o v i d i n g an o b j e c t i v e measure and t o reduce the time taken t o 
analyse each photograph. The time f o r a n a l y s i s of each photograph 
was reduced from over an hour f o r the v i s u a l assessment, to less than 
f i f t e e n minutes. 
The computerised system i n v o l v e d using a " M i c r o s i g h t " program 
developed>by D i g i h u r s t f o r an Ikegami video camera w i t h a 16mm Cosmicar 
t e l e v i s i o n lens and the BBC Acorn microcomputer ( P l a t e 3.6.). With the camera 
focused on the photograph, the image i s t r a n s m i t t e d t o the micro-
computer, stored i n d i g i t a l form and re-presented on the computer 
screen. The camera then evaluates the degree of white versus black 
on each photograph i n the form of screen p i x e l s w i t h over 12,000 per 
image ( P l a t e s 3.7. and 3.8.), The e v a l u a t i o n i s c o n t r o l l e d by a 
t h r e s h o l d value set between 1 and 260 and a c o n t r a s t value set between 
1 and 30. I n a s e r i e s of t r i a l s , a t h r e s h o l d value of 212 and a c o n t r a s t 
value of 18 were found t o be s u i t a b l e f o r t h i s study. A program 
r o u t i n e then counts the area of white and the area of black on e i t h e r 
side of the t h r e s h o l d ( P l a t e 3.9.). The analyses were c a r r i e d out 
i n a room c u r t a i n e d from d i r e c t s u n l i g h t , using two 60 watt l i g h t 
bulbs on a photographic stand f o r i l l u m i n a t i o n ( P l a t e 3.6,). Some 
of the photographs d i f f e r e d i n the degree of c o n t r a s t , hence the camera 
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P l a t e 3.6. V i s u a l image a n a l y s i s system "Microsight** based on the 
BBC microcomputer used for c a l c u l a t i n g d i f f u s e s i t e f a c t o r s 
P l a t e 3.7. H e m i s p herical photograph - sub-quadrat 13 i n May 
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Pl a t e 3.8. Screen image of h e m i s p h e r i c a l photograph i n P l a t e 3.7 








G e n e r a l i z e d image showing p i x e l v a l u e s for photograph 
i n P l a t e 3.7. 
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aperture was adjusted u n t i l an image appeared on the microcomputer 
screen ( P l a t e 3.8.) which, c l o s e l y approximated the a c t u a l photograph. 
Eight matt black c i r c u l a r masks were constructed ( P l a t e s 3.10.-
3.12) which combined se v e r a l of Anderson*s (1971) r i n g s . Rings were 
combined t o give s i m i l a r photographic areas, thus minimising e r r o r 
i n the d e t e r m i n a t i o n s , w h i l e at the same time reducing the time taken 
f o r a n a l y s i s . Table 3.7. shows the r i n g combinations, t h e i r areas 
and the percentage d i f f u s e r a d i a t i o n c o n t r i b u t i o n s . The l a s t two 
of Anderson's 26 r i n g s were o m i t t e d t o account f o r the d i f f e r e n c e 
between her 180" photograph and the 150** of the semi-fisheye lens 
photograph. The f i n a l r i n g ( t h e 2Ath on Anderson's (1971) g r i d ) reached 
to w i t h i n 17" of the h o r i z o n , 2" of the semi-fisheye being l o s t t o 
the a n a l y s i s . The t o t a l area of the semi-fisheye photograph c o r r e s -
ponded t o a 95% c o n t r i b u t i o n of t o t a l d i f f u s e l i g h t . 
Table 3.8. shows the screen p i x e l values of c l e a r r i n g s f o r 
each of the d i f f e r e n t aperture s e t t i n g s . The percentage d i f f u s e l i g h t 
c o n t r i b u t i o n s f o r each r i n g i n each photograph was c a l c u l a t e d using 
these values. Five readings were taken and averaged f o r each r i n g 
because the'^Microsight' readout f l u c t u a t e d s l i g h t l y about a mean value, 
although t h i s f l u c t u a t i o n was very small i n r e l a t i o n t o o v e r a l l 
accuracy. F i n a l l y , these percentage c o n t r i b u t i o n values f o r each 
r i n g were summed, r e s u l t i n g i n a d i f f u s e s i t e f a c t o r (Anderson, 1971) 
f o r each sub-quadrat. 
An e a r l i e r attempt t o minimize the time taken and t o increase 
the accuracy of the a n a l y s i s of the photographs using Anderson's g r i d 
was made using an Apple I I micro-computer w i t h a graphics t a b l e t and 
software f o r area measurement ( P l a t e s 3.13.-3.15). A d i r e c t measure 
of the c l e a r areas i n mm^  could be made by t r a c i n g around the area 
w i t h the graphics t a b l e t pen. Although t h i s method was very accurate. 
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P l a t e s 3.10. and 3.11 Two of the e i g h t masks used for " M i c r o s i g h f 
a n a l y s i s 
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P l a t e 3.12. One of the e i g h t masks used for "Microsight" a n a l y s i s 
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Table 3.7. Anderson's (1971) r i n g s f o r d e t e r m i n a t i o n of d i f f u s e 
r a d i a t i o n combined f o r " M i c r o s i g h t " a n a l y s i s 
Area i n mm 
of Anderson's 
g r i d r i n g s 
Combined 
r i n g 
numbers 
T o t a l % 
c o n t r i b u t i o n 

































Table 3.8. The mean values ( f o r 10 d e t e r m i n a t i o n s ) measured i n 
screen p i x e l s using " M i c r o s i g h t " f o r c l e a r r i n g s 
Ring 
% c o n t r i b u t i o n 
to the t o t a l 
T o t a l area of c l e a r r i n g measured i n screen 
p i x e l s f o r each of the f o l l o w i n g camera 
numbers d i f f u s e 






5.6 & 8 8.0 
1 5% 194. 179 171 157 158 
2 15 570 525 502 465 453 
3 15 743 • 651 - 618 579 546 
4 15 942 801 776 720 683 
5 15 1046 869 824 735 657 
6 10 1099 889 840 768 673 
7 10 1254 1062 1002 892 799 
8 10 1906 1645 1557 1453 1362 
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P l a t e 3.13. Apple I I microcomputer w i t h g r a p h i c s t a b l e t 
P l a t e 3.14. Apple I I g r a p h i c s t a b l e t with h e m i s p h e r i c a l 
photograph and d i f f u s e l i g h t g r i d 
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i i 
Plate 3.15. Screen image of t r a c i n g s around open areas o f 
hemispherical photograph and d i f f u s e l i g h t g r i d 
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i t proved too time consuming, t a k i n g over one hour per photograph. This 
degree of accuracy was also considered unnecessary i n l i g h t of the 
inexactness of the photographs. Proctor (1980) s t a t e d that:' 
"... the r e s o l u t i o n l i m i t s of lens and f i l m may severely r e s t r i c t 
the accuracy of estimates under t r e e canopies ... A c i r c l e 
of confusion of 0.01mm on the f i l m corresponds t o 1cm among 
the leaves and twigs of a canopy 8m above the camera. This 
i m p l i e s a l a r g e u n c e r t a i n t y of measurement even w i t h the best 
lenses and whether the photographs are analysed v i s u a l l y or 
by some p h o t o e l e c t r i c method." ( p . 363) 
A comparison was made of t h i s method w i t h t h a t of the " M i c r o s i g h t " 
image a n a l y s i s system and the v i s u a l e s t i m a t i o n methods (Table 3,9.). 
The v i s u a l method appears to have c o n s i s t e n t l y higher values f o r d i f f u s e 
l i g h t w h i l e the Apple I I graphics t a b l e t has the lowest values. The 
" M i c r o s i g h t " values f a l l inbetween. 
Table 3.9. A comparison of three d i f f e r e n t a n a l y s i s techniques 
f o r determining d i f f u s e l i g h t (.% of t o t a l i n open) 
using semi-fisheye lens photographs 
D i f f u s e s i t e f a c t o r s 
„ , ^ , Apple I I BBC Acorn V i s u a l 
Quadrat-Sub-quadrat ... UM- . n 
^ graphics t a b l e t " M i c r o s i g h t " e s t i m a t i o n 
A(Pinus) 7 34X 43% A6% 
56(Pseudotsuga) 2 20% 26% 30% 
52(Quercus) 8 ' 23% 28% 31% 
3.6.3. Seed bank s t u d i e s 
The seed bank of a woodland p r e d i c t s the p o t e n t i a l response of 
the v e g e t a t i o n to present and f u t u r e management, w h i l e at the same 
time r e f l e c t i n g the past h i s t o r y of the s i t e . The aim of the seed bank 
survey was to provide t h i s i n f o r m a t i o n about B - Plan management and 
to answer the questions posed i n s e c t i o n 2.6.3. 
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Sampling 
Between 24th and 29th A p r i l 1982, s o i l samples were c o l l e c t e d 
approximately one metre away from each sub-quadrat w i t h i n the e i g h t 
selected quadrats (Table 3.5.). The sampling p o i n t s were near each 
of the sub-quadrats numbered one to e i g h t ( F igure 3.4a). Only one 
sample was c o l l e c t e d from each B - Plan sub-unit l o c a t e d halfway between 
the two sub-quadrats. A. 16 x 16cmsample, f i v e c entimetres i n depth, 
of the humus l a y e r i n c l u d i n g the l i t t e r was taken w i t h a spade. L i t t e r 
was included because the aim of t h i s f i r s t sample was t o see which 
species were c u r r e n t l y c o n t r i b u t i n g to the seed bank. Many s t u d i e s 
use a s o i l corer (Costing and Humphreys, 1940; Brown and Oosterhuis, 
1981), but the extremely stony nature of the s o i l and the s t r e n g t h 
r e q u i r e d f o r t h i s method made i t impossible t o use. Another sample 
of the same size was taken from the mineral s o i l j u s t below the humus 
l a y e r . The purpose i n t a k i n g t h i s second sample was t o discover which 
species had s u r v i v e d i n the seed bank from past ground f l o r a s . A l a r g e 
p r o p o r t i o n of seed-bank s t u d i e s concentrate on samples from the m i n e r a l 
l a y e r (Oosting and Humphreys, 1940; Olmsted and C u r t i s , 1947; Major 
and P y o t t , 1966; L i v i n g s t o n and A l l e s s i o , 1968; Brown, 1981; Brown 
and Oosterhuis, 1981). Kellman (1970) and Thompson and Grime (1979) 
i n c l u d e l i t t e r samples. The r e s u l t s of these samples from the two 
horizons may be used t o provide i n f o r m a t i o n on those species which 
could p o t e n t i a l l y appear i n the ground f l o r a a f t e r a u n i t has been 
cleared f o r B - Plan and the former c o n i f e r o u s canopy removed. 
"The p r a c t i c a l s i g n i f i c a n c e of the v i a b l e seeds i n the s o i l , 
however, l i e s not i n t h e i r a s s o c i a t i o n w i t h the past, but i n 
t h e i r bearing on the p l a n t communities l i k e l y t o develop i n 
the f u t u r e . " (Roberts, 1970: p. 25) 
Four samples were also taken from quadrat 51, a dense beech 




The samples were a i r - d r i e d a f t e r s i e v i n g (Olmstead and C u r t i s , 
1947; Thompson and Grime, 1979). At the end of May (Brown and 
Oosterhuis, 1981), the s o i l was spread on a two centimetre bed of 
p e r l i t e (Kellman, 1970) i n a 35 x 23.5cm p l a s t i c seed t r a y ( P l a t e 
3.16.). A number of s t u d i e s have c o l l e c t e d and germinated the seed bank 
on i n the autumn (Costing and Humphries, 1940; Olmstead and C u r t i s , 
1947; Roberts and Dawkins, 1967). L i v i n g s t o n and A l l e s s i o (1968) 
had greater germination i n t h e i r s p r i n g samples than i n those from 
the autumn due t o the requirement of s t r a t i f i c a t i o n by many species. 
Once-stones and r o o t s had been removed, the volume of s o i l was measured 
and recorded before p u t t i n g the s o i l i n the t r a y s . These volumes 
were extremely v a r i a b l e . 
The 182 t r a y s were placed at random on shelves constructed from 
dexion and covered w i t h c a p i l l a r y m a t t i n g i n an 8 x 12 f o o t c o l d 
greenhouse ( P l a t e 3,17.). An unheated greenhouse was used because 
these c o n d i t i o n s would approximate to the n a t u r a l l i g h t and temperature 
regime (Major and P y o t t , 1966; Brown and Oosterhuis, 1981; Brown, 
1981). Other s t u d i e s have used c o n t r o l l e d l a b o r a t o r y c o n d i t i o n s or 
temperature and l i g h t c o n t r o l l e d greenhouses (Olmstead and C u r t i s , 
1942; L i v i n g s t o n and A l l e s s i o , 1968; Kellman, 1970), but these were 
not a v a i l a b l e f o r t h i s study. The t r a y s were moved every month f o l l o w i n g 
a random p a t t e r n t o minimise v a r i a t i o n i n l i g h t d i s t r i b u t i o n . 
The t r a y s were kept w e l l watered and examined each month between 
June and October, when the seedlings were counted and i d e n t i f i e d using 
Chancellor (1966); M u l l e r (1978). Any u n i d e n t i f i e d species were 
potted up and grown on to f a c i l i t a t e i d e n t i f i c a t i o n ( P l a t e 3.18.). 
A f t e r the f i r s t seeds had germinated at the end of June, the t r a y s 
were watered w i t h a d i l u t e s o l u t i o n of a standard f e r t i l i z e r every 
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Plate 3.16. Seed t r a y used f o r seed bank germination t e s t s 
Plate 3.17. Greenhouse w i t h seed bank germination t e s t i n progress 
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Plate 3.18. U n i d e n t i f i e d seedlings potted up f o r l a t e r 
i d e n t i f i c a t i o n 
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two weeks t o keep the seedlings growing f o r i d e n t i f i c a t i o n . Two c o n t r o l 
t r a y s (Kellman, 1970) of s t e r i l e p o t t i n g compost on a bed of p e r l i t e 
were included w i t h the other 182 t r a y s to c o l l e c t any s t r a y l o c a l 
a i r - b o r n e seeds. 
3.6.4. Phenological Studies 
The aim o f the phenological s t u d i e s was t o discover how c e r t a i n 
species i n the ground f l o r a responded through the growing season t o 
v a r i a t i o n environmental f a c t o r s c o n t r o l l e d by the canopy and present 
management regime. L i g h t i s a primary f a c t o r a f f e c t i n g phenology 
(Harper. 1977; A l - M u f t i et aL, 1977; Mahall and Bormann, 1978; Fowler 
and Antonovics, 1981: Givnish, 1982). 
From A p r i l u n t i l October 1982, the e i g h t s e l e c t e d quadrats 
(Table 3.5.) were v i s i t e d each month (except f o r September when most 
of the shrub survey was completed) to assess v e g e t a t i v e as w e l l as 
the r e p r o d u c t i v e s t a t e of the ground f l o r a . 
To f a c i l i t a t e r a p i d r e c o r d i n g of both a Domin-Krajina abundance 
number and the phenological stage a system was adapted from Persson 
(1975). Each species was given f o u r numbers -
1) The Domin-Krajina number 
2) A phenological number (Table 3.10.) 
3) Six f o l l o w e d by i or f t o i n d i c a t e e i t h e r the i n i t i a l 
or f i n a l stage of the phenological number i n 2) 
4) I f necessary number f i v e t o i n d i c a t e i f the v e g e t a t i v e 
p a r t s remained from the previous w i n t e r . . 
Spaces were provided on the data sheet f o r each of these numbers 
(Figure 3.3a-d.). The other 11 quadrats were each v i s i t e d o n l y once 
i n the season mainly i n September as part of phase I I I and recorded i n 
the same manner as the e i g h t . 
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Table 3.10. Phenological stages and numbers (adapted from 
Persson, 1975) 
Number D e s c r i p t i o n 
1 Development of the c u r r e n t year's leaves 
2 Flowering Stage 
3 Fr u i t / s e e d r i p e n i n g stage 
4 Withering of v e g e t a t i v e p a r t s 
5 Photosynthesizing l e a f p a r t s dormant 
throughout the w i n t e r 
6 ( i or f ) I n i t i a l and f i n a l stages of the above phases 
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CHAPTER 4. TREES AND SHRUBS 
CHAPTER 4. TREES AND SHRUBS 
4.1, I n t r o d u c t i o n 
The' t r e e , understorey and shrub s t u d i e s i n Blanchdown, Grenoven 
and H a n g i n g c l i f f Woods were conducted over several years and i n s e v e r a l 
stages. (Table 4.1.) 
Phase I - The f i r s t t r e e survey - 1977-78 
The f i r s t t r e e survey i n 1977-78 was pu r e l y a study of the 
v a r i a t i o n i n canopy species. The r e s u l t s , based on presence and absence 
and summarising the main canopy types, provided the basis f o r sampling 
at the second stage. This was to be the s t r a t i f i e d sampling of the 
ve g e t a t i o n under B - Plan, w i t h r e c o r d i n g of the t r e e canopy species, 
the understorey, shrub species and f i n a l l y the ground f l o r a . 
Phase I I - The second t r e e survey - 1981 
This second t r e e survey was a refinement of the f i r s t survey. 
Data from the f i r s t phase I survey were used f o r 14 of the o r i g i n a l -
50 quadrats. Six new quadrats were also surveyed i n 1981. I n t h i s 
second survey basal area was recorded t o provide a more precise a n a l y s i s 
of the canopy composition. 
Phase I I I - The understorey - upper shrub l a y e r and lower shrub l a y e r 
surveys 
The sampling of the understorey l a y e r s beneath the 20 quadrats 
(Table 3.1.) began the d e t a i l e d main survey - phases I I I and IV of 
the v e g e t a t i o n under B - Plan. 
4.2. Results from the f i r s t t r e e survey - 1977-78 
4.2.1. M u l t i v a r i a t e analyses 
The presence/absence data f o r t r e e s w i t h a diameter at breast 
height g r e a t e r than or equal t o f i v e centimetres were analysed by 
c l a s s i f i c a t i o n and o r d i n a t i o n . Q u a n t i t a t i v e data were not used i n 
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t h i s e a r l y p i l o t study. The o r d i n a t i o n method used was detrended 
r e c i p r o c a l averaging (DECORANA) ( H i l l , 1979b; H i l l and Gauch. 1980) 
and the c l a s s i f i c a t i o n technique a p p l i e d was Two-Way I n d i c a t o r Species 
Analysis (TWINSPAN) ( H i l l , 1979c). Analyses were run on the PRIME 
computer system at Plymouth Polytechnic using versions of the programs 
adapted by Kent (1980a,b). These techniques have now been shown t o 
be as good as, i f not b e t t e r than, most other o r d i n a t i o n and c l a s s i f i -
c a t i o n methods and are g e n e r a l l y agreed t o provide a very e f f i c i e n t 
means of summarising v a r i a t i o n i n f l o r i s t i c data sets (Kershaw and 
Looney, 1985). I t i s also now commonly accepted t h a t 'complementary 
a n a l y s i s ' w i t h both c l a s s i f i c a t i o n and o r d i n a t i o n a p p l i e d t o the same 
data set gives the maximum i n f o r m a t i o n on community v a r i a t i o n . 
Table 4.1. The t r e e and shrub s t u d i e s 
Year Layer Size c r i t e r i o n 




an a l y s i s 
Phase I 1978 Tree >5cm dbh 50 TWINSPAN and 
Phase I I 1981 Tree >5m height 
Phase I I I 1982 Upper >2m and^Sm 
• shrub height 
la y e r 





20 (14 from TWINSPAN and 
1978 +6 new) DECORANA on 
summed basal 
area 
15 (from the TWINSPAN and 
20 i n 1981) DECORANA on 
summed basal 
area 
17 (from the TWINSPAN and 
20 i n 1981) DECORANA on 
summed cover 
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4.2.2. C l a s s i f i c a t i o n of canopy t r e e species 
Table 4.2. shows the r e s u l t s of t h i s f i r s t t r e e survey and was 
compiled using the raw data on t r e e composition i n c o n j u n c t i o n w i t h 
the r e s u l t s of TWINSPAN (Tabl054.2. and 4.3.) and DECORANA (Figures 
4.1. and 4.2.). The o r i g i n a l 50 randomly lo c a t e d quadrats d i v i d e 
i n t o 10 canopy types. The major d i v i s i o n s were based on TWINSPAN 
groups. However because of the nature of presence/absence data, where 
small s a plings are weighted the same as the canopy t r e e s , the maximum 
height and maximum basal area were also used i n the d e f i n i t i o n of 
canopy types. E c o l o g i s t s determine dominance using basal area 
(Mueller-Dombois and E l l e n b e r g , 1974), but many f o r e s t e r s use the 
crown height i n r e l a t i o n t o the o v e r a l l height of the woodland s t r a t a 
to determine dominance (Shimwell, 1971), 
The groupings from the species c l a s s i f i c a t i o n using TWINSPAN 
are presented i n Table 4.3. The quadrat groups o f Table 4,2, have 
been p l o t t e d on the f i r s t two axes of the DECOE^A o r d i n a t i o n i n 
Figure 4.1., w i t h the major types l a b e l l e d and s i m i l a r l y , the species 
groups of Table 4.3. have been p l o t t e d on the f i r s t two axes of the 
DECORANA o r d i n a t i o n i n Figure 4.2, Using these diagrams, an i n t e r -
p r e t a t i o n of the 10 canopy types could be made, 
4.2.3. The canopy species a s s o c i a t i o n s 
The TWINSPAN c l a s s i f i c a t i o n d i v i d e s the species i n t o f o u r main 
groups (Table 4.3.), The f i r s t two groups i n Table 4,3. c o n t a i n a l l 
the B - Plan species w i t h the planted canopy c o n i f e r s . The second 
two groups. 3 and 4 i n Table 4.3., c o n t a i n most of the n a t u r a l l y 
regenerated and n a t i v e species. 
Pinus n i g r a and P^ s y l v e s t r i s are c l a s s i f i e d together i n group 
2 (Table 4.3.) w i t h L a r i x spp. This combination i s a major planted 
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1. Pinus spp. 
2. Quercus x rosacea 
3. Pseudotsuga m e n z i e s i i 
4. L a r i x spp. and Pinus spp. 
Minor Types 
5. Picea s i t c h e n s i s and/or Picea abies 
6. L a r i x 
7. Quercus x rosacea w i t h L a r i x spp. 
8. Quercus x rosacea w i t h planted Fagus s y l v a t i c a 32,47 
9. L a r i x spp. and Fagus s y l v a t i c a 46. 














Table 4.3. 1978 Tree species groups from TWINSPAN species 








Pseudotsuga m e n z i e s i i 
Thuja p l i c a t a 
Tsuga h e t e r o p h y l l a 
GROUPS 
2 3 
L a r i x spp. Betula x spp 
Pinus n i g r a C a r p i n i s 
Pinus betulus 
s y l v e s t r i s Picea 




I l e x a q u i f o l i u m 
Acer 
pseudoplatanus 
Castanea s a t i v a 
Quercus c e r r i s 





















(2)1 1 1 1(24) 
(3)(4) 
2(28) 3(7)6(49) Pseudotsuga 
1(25) 4(21) 













4 Lan'x and Pinus 
5 Picea abies and/ or P. sitchensis 
6 Larix 
7 Quercus with Larix 
8 Quercus with Fagus 
9 Larix with Fagus 
10 Mixed plantation 
( ) Quadrat number 
3(44) 
Axis I 





3 Picea sirchensis 
A Fagus sylvatica 
4 4 Ilex aquifolia 
Acer pseudoplatanus 4 Abies alba 
4 3 Ouercus X rosacea 
Casranea saiiva 
3 Beiula X spp 
1 Sorbus aucupana 
1 Picea abies 
4 Quercus cerris 
2 Pinus sylvestris 
2 Pinus r}/gra 
fraxinus excelsior 
Lanx spp 
2 1 Nothofagus procera 
Thuja plicaia 1 Pseudotsuga menziesH 
1 Tsuga heterophylla 
1 Seguota sempervireris 
Axis I 
Figure 4.2. DECORANA species o r d i n a t i o n of data from the phase I tr e e survey showing TWINSPAN groups and species 
names 
canopy type. P. n i g r a and P. s y l v e s t r i s i s an even more common canopy 
a s s o c i a t i o n which was planted before the i n t r o d u c t i o n of B - Plan. 
Both of these canopy a s s o c i a t i o n s are now f r e q u e n t l y underplanted 
w i t h B - Plan u n i t s . Pinus spp. are no longer planted i n the Ta v i s t o c k 
Woodlands Estate, as the y i e l d c l a s s i s only e i g h t t o ten i n t h i s 
part of B r i t a i n . This y i e l d c l a s s i s uneconomic compared t o a species 
w i t h a f a s t e r growth r a t e and hence a higher y i e l d c l a s s such as 
Pseudotsuga, y i e l d c l a s s 22 or 24 (Dyer, pers. comm.). These th r e e 
species i n group 2 occur near each other i n the o r d i n a t i o n ( F i g u r e 
4.2.), although the groups overlap on the quadrat o r d i n a t i o n ( F i g u r e 
4.1. ) . Pseudotsuga m e n z i e s i i , major canopy type (Table 4,2.) appears 
i n combination w i t h the other main B - Plan species, Tsuga and Thuja 
i n group 1 of Table 4.3. They are a d i s t i n c t sub-group of group 1 
(Table 4,3.) and were c l a s s i f i e d together i n l i n e 3 of the species 
d i v i s i o n of the TWINSPAN a n a l y s i s . The other two B - Plan species -
Sequoia sempervirens and Nothofagus procera also appear i n group 1 
(Table 4.3.). I n general, the species of group 1 appear on the lower 
r i g h t hand side of the species o r d i n a t i o n ( F igure 4.2.), 
Quercus x rosacea, which i s another major canopy type (Table 
4.2, ) , appears i n group 3 of the species c l a s s i f i c a t i o n Table 4.3.^ 
Much of the e s t a t e was covered by Quercus canopy u n t i l - t h i s c e n t u r y 
(Figure 1.5.). Thus i t i s the dominant canopy species i n many quadrats, 
as w e l l as being abundant as a n a t u r a l l y r e g e n e r a t i n g species under 
co n i f e r o u s canopies. 
Quercus and Betula i n group 3 (Table 4.3.) are o r d i n a t e d towards 
the c entre of the species o r d i n a t i o n ( F igure 4.2.), which i s r e f l e c t i o n 
^ The taxonomic s t a t u s of the oaks i n Tavistock Woodlands i s i n 
doubt, and many are thought t o be hyb r i d s of Quercus robur and 
Quercus petraea (Wigston, pers, comm,). Thus, f o r the purposes 
of t h i s study, a l l the oaks were c l a s s i f i e d under the h y b r i d 
name of Quercus x rosacea Bechst. 
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of t h e i r widespread d i s t r i b u t i o n throughout the woodlands.^ The o t h e r 
two species i n group 3, Picea s i t c h e n s i s and Carpinus b e t u l u s , are 
o r d i n a t e d at two extremes (Figure 4.2,), a r e f l e c t i o n of t h e i r l i m i t e d 
d i s t r i b u t i o n . 
Group A (Table 4.3.) i s a c o l l e c t i o n of p r i m a r i l y n a t u r a l l y 
r e g e n e r a t i n g species or those l i k e Fagus s y l v a t i c a and Castanea s a t i v a , 
t h a t were planted i n the past. This group of species i s o r d i n a t e d 
close together i n Figure 4.2. 
4.2.4. A d e s c r i p t i o n of the 10 canopy types 
The TWINSPAN c l a s s i f i c a t i o n (Table 4.2.) d i v i d e s the 48 quadrats 
i n t o f o u r main groups (1-4) and s i x minor groups ( 5 - 1 0 ) , Quadrats 
38 and 41, newly planted p l a n t a t i o n s w i t h no canopies, were o m i t t e d . 
Overlap between canopy types i s caused by the presence of B - Plan 
species i n most quadrats. 
The major canopy types 
Group 1 
The Pinus spp, canopy type 
The canopy types i n order of frequency s t a r t w i t h Pinus spp. 
w i t h 16 quadrats (Table 4,2.). Pinus s y l v e s t r i s i s a p r e f e r e n t i a l 
f o r group 1. Pinus s y l v e s t r i s and P. n i g r a have been combined i n t o 
one canopy type - Pinus spp. because both species have been planted 
by the e s t a t e i n the same areas and are t r e a t e d as one type of t r e e . 
The taxonomic s t a t u s of many i n d i v i d u a l s of Betula on the e s t a t e 
presented d i f f i c u l t y . Recent chromosomal s t u d i e s (Brown et aX, 
1982) show t h a t there i s evidence t h a t Betula pendula and B. pubescens 
h y b r i d i z e . I n the f i e l d i t became d i f f i c u l t t o c l a s s i f y c e r t a i n 
b i r c h t r e e s , t h e i r c h a r a c t e r i s t i c s being of an i n t e r m e d i a t e n a t u r e , 
p a r t i c u l a r l y l e a f shape and degree of pubescence. The e c o l o g i c a l 
requirements of both species are somewhat s i m i l a r (Clapham et^ aJ,. 
1962; Harding, 1981). I t was assumed f o r the purposes of t h i s study 
t h a t t h e i r e c o l o g i c a l e f f e c t on the ground f l o r a would be the same. 
Hence i n the f o l l o w i n g a n a l y s i s the two species are combined as 
Betula X spp. 
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They both have the same type of l i g h t canopy which encourages under-
growth ( H i l l and Stevens, 1981). 
The DECORANA o r d i n a t i o n ( Figure 4.1.) shows c l e a r l y the Pinus 
spp. quadrats of groups 1 and 4. Quadrat 6 w i t h a mixture of L a r i x 
spp. and Pinus spp. i s o r d i n a t e d w i t h them, as i s quadrat 17 w i t h 
some Pinus spp. w i t h Picea abies. Quadrats 5 and 20 are o r d i n a t e d 
near a group of quadrats also having Thuja and Tsuga i n B - Plan sub-
u n i t s . Quadrat 20 has Nothofagus as w e l l . 
Group 2 
The Quercus x rosacea canopy type 
The f i r s t TWINSPAN d i v i s i o n separates those quadrats c o n t a i n i n g 
Quercus from those w i t h predominantly c o n i f e r o u s species. . The 
i n d i c a t o r s f o r t h i s group are Quercus and Fagus. Several quadrats 
i n t h i s group c o n t a i n Quercus i n mixture w i t h L a r i x (group 7 - Table 
4.2.) and i n mixture w i t h Fagus (group 8 - Table 4.2.). 
The o r d i n a t i o n (Figure 4.1.) shows c l e a r l y the quadrats w i t h 
Quercus alone (group 2) or i n combination (groups 7 and 8 ) . 
Group 3 
The Pseudotsuga m e n z i e s i i canopy type 
Seven quadrats have pure Pseudotsuga canopies (Table. 4.3.). 
Pseudotsuga i s the TWINSPAN i n d i c a t o r f o r t h i s group. 
I n the DECORANA o r d i n a t i o n (Figure 4.1.) the quadrats w i t h 
Pseudotsuga canopies are o r d i n a t e d on the lower r i g h t - h a n d s i d e . 
They tend t o be i n t e r m i n g l e d w i t h the L a r i x and/or Pinus quadrats 
because they a l l share the B - Plan species i n common. 
1 2 2 
Group A 
The L a r i x spp, and Plnus spp. canopy type 
L a r i x decidua, L. kaempferi and a h y b r i d of the two, L. x e u r o l e p i s 
have been planted throughout the e s t a t e i n various combinations. 
Their e c o l o g i c a l e f f e c t on the understorey and ground f l o r a appears 
t o be s i m i l a r by v i r t u e of being deciduous. Hence, t o save sampling 
time no attempt was made to separate the species. A l l l a r c h are l i s t e d 
as La'rix spp. Five quadrats have L a r i x and Pinus quadrats (Table 
4.2.). 
I n the DECORANA o r d i n a t i o n ( F igure 4.1.) the quadrats c o n t a i n i n g 
L a r i x and Pinus are grouped t o g e t h e r . They are i n t e r m i n g l e d w i t h 
several other quadrats w i t h L a r i x and/or Pinus, and Pseudotsuga canopies 
because they a l l share the B - Plan species i n common. 
The minor canopy types 
Group 5 
The Picea s i t c h e n s l s and/or Picea abies canopy type 
Both Picea s i t c h e n s i s and Picea abies were planted r e l a t i v e l y 
i n f r e q u e n t l y i n t h i s p a r t of the Tavistock Woodlands Estate. Hence 
only three quadrats have some combination of these species (Table 
4.2,). Quadrat 14 i s an even-aged P^ s i t c h e n s i s p l a n t a t i o n w i t h 
B - Plan p l o t s . Quadrat 17 has predominantly P. abies but w i t h some 
Pinus spp. Quadrat 8 has both species. 
I n the DECORANA o r d i n a t i o n diagram (Figure 4,1.) 8 and 14 are 
ord i n a t e d together w h i l e 17 i s w i t h i n the Pinus spp. grouping. 
Group 6 
The L a r i x spp. canopy type 
Three quadrats c o n t a i n pure L a r i x spp. canopies - 13, 35 and 
49. (Table 4,2.). They also c o n t a i n B - Plan species. Consequently 
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i n Che DECORANA o r d i n a t i o n (Figure A . l . ) these quadrats are spread 
out i n the Lari x / P i n u s space near other quadrats w i t h B - Plan sub-
u n i t s . 
Group 7 
The Quercus x rosacea w i t h L a r i x spp. canopy type 
I n the e a r l y 1900*s (Figure 1.5.) some of the estat e was pla n t e d 
w i t h a mixture of L a r i x spp. and Quercus x rosacea. Quadrats 40 and 
27 on opposite e x t r e m i t i e s of the study area, are two remaining s i t e s 
w i t h t h i s combination (Figure 4.2.). 
I n the DECORANA o r d i n a t i o n diagram (Figure 4.1.) these two 
quadrats are o r d i n a t e d as expected between the Quercus group and the 
L a r i x and/or Pinus groups. 
Group 8 
The Quercus x rosacea w i t h planted Fagus s y l v a t i c a canopy type 
Fagus appears t o be planted w i t h Quercus i n only two quadrats, 
32 and 47, The Fagus t r e e s i n these two are l a r g e , mature canopy 
t r e e s . I n c o n t r a s t the Fagus i n the understorey of other quadrats w i t h 
Quercus canopies (Table 4.2.) appears t o be n a t u r a l l y regenerated. 
Fagus can regenerate w e l l under Quercus, however the reverse i s not 
t r u e (Tansley, 1968). 
I n the DECORANA o r d i n a t i o n diagram (Figure 4,1.) these two quadrats 
w i t h Quercus and Fagus are w i t h i n the Quercus grouping. 
Group 9 
The L a r i x spp. w i t h Fagus s y l v a t i c a canopy type 
46 i s the only quadrat w i t h a L a r i x and Fagus canopy (Table 
4.2.). 
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I n the DECORANA o r d i n a t i o n diagram (Figure 4.1.), t h i s quadrat 
occurs i n the centre between the four main canopy types. I t has two 
Pinus s y l v e s t r i s t r e e s i n a predominantly L a r i x and Fagus canopy, 
consequently i t i s p o s i t i o n e d close t o the quadrats c o n t a i n i n g both 
L a r i x and Pinus. 
Group 10 
Mixed c o n i f e r o u s p l a n t a t i o n canopy type 
Three quadrats are i n t h i s group 19, 38 and 41. 41 i s the youngest 
p l a n t a t i o n , a mixture of Pinus r a d i a t a and P. muricata w i t h Nothofagus 
procera and N. o b l i q u a . I t was not included i n the t r e e data because 
the t r e e s being planted i n 1975 were not of measurable s i z e . Likewise 
the Thuja p l i c a t a and Nothofagus species i n quadrat. 38 planted i n 
1975 were not included i n the t r e e survey. Quadrat 19 i s a dense 
p l a n t a t i o n of con i f e r o u s species i n c l u d i n g Pseudotsuga m e n z i e s i i , 
Tsuga h e t e r o p h y l l a , Pinus s y l v e s t r i s , P. n i g r a and Picea abies p l a n t e d 
in-1968. The t r e e s were of a measurable size hence t h i s was the o n l y 
c o n i f e r o u s p l a n t a t i o n i ncluded i n the 1978 t r e e survey (Table 4.2.). 
I n the DECORANA o r d i n a t i o n (Figure 4.1.) quadrat 19 i s p o s i t i o n e d 
at the bottom, a consequence of i t s very mixed canopy. 
4.3. Results from the second t r e e survey - 1981 
4.3.1. S e l e c t i o n of 20 s p e c i a l quadrats f o r the d e t a i l e d study of 
B - Plan and the ground f l o r a under d i f f e r e n t canopy types 
Fourteen quadrats from the o r i g i n a l 50 of the 1978 t r e e survey 
(Phase I ) were se l e c t e d using the canopy c l a s s i f i c a t i o n and o r d i n a t i o n 
as w e l l as those of the ground f l o r a data (Chapter 5 ) . However, s i x 
new s u b j e c t i v e l y s elected quadrats were added t o complement these 
14. To avoid c o n f u s i o n , the o r i g i n a l quadrat numbers from the f i r s t 
125 
survey were r e t a i n e d f o r the f i r s t 14 quadrats. The s i x new quadrats 
were numbered from .51 t o 56 (Table 4.4., Figure 3.1.). The 20 quadrats 
chosen were thus r e p r e s e n t a t i v e s of each of the major and minor canopy 
types. 
Table 4.4. The 20 quadrats s e l e c t e d ^ f o r s t u d i e s at phase I I 
Canopy types Quadrat numbers 
Major types 
1. Pinus spp. 4, 9, 29* 
2. Quercus x rosacea 33. 52^ , 53, 54 
3. Pseudotsuga m e n z i e s i i 44, 55, 56 
4. L a r i x spp, and Pinus spp. 15, 23 
Minor types 
5. Picea abies or P, s i t c h e n s i s 14, 17 
6. L a r i x spp. 13 
7. Quercus x rosacea w i t h L a r i x spp. 40 
8. Quercus x rosacea w i t h planted Fagus s y l v a t i c a 32 
9. L a r i x spp. and Fagus s y l v a t i c a 51 
10. Mixed p l a n t a t i o n s 19, -38 
* Later r e j e c t e d 
Underlined quadrats are new ones added a f t e r the i n i t i a l 50 quadrats 
at Phase I . 
The aim at t h i s stage i n the study was t o provide a basis f o r 
sampling of the v e g e t a t i o n under B - Plan management w i t h the purpose 
of determining those f e a t u r e s of the ground f l o r a which are conserved 
under B - Plan. A smaller number of quadrats were r e q u i r e d t o c a r r y 
out the much more d e t a i l e d ground f l o r a , p h e n o l o g i c a l , s o i l , l i g h t 
and seed bank s t u d i e s , w h i l e at the same time covering a l l the canopy 
types as w e l l as B - Plan sub-units of d i f f e r i n g ages. Quadrats w i t h 
unusual f e a t u r e s such as the r e l i c s of past mine working were now 
r e j e c t e d because of the a d d i t i o n a l v a r i a t i o n which they would c o n t a i n 
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4.3.2. The major canopy quadrats selected f o r phases I I and I I I 
(Table 4.4. ; Figure 3.1.) 
1. Pinus spp. - Quadrats 4, 9 and 29 
Quadrats 4 and 9 of the o r i g i n a l 50 quadrats i n Phase I were 
selected as good r e p r e s e n t a t i v e s of t h i s type of canopy. Both have 
w e l l e s t a b l i s h e d B - Plan u n i t s at stages I I and I I I ( P l a t e s 4.1. and 4.2.) 
Quadrat 29 was also i n i t i a l l y selected because i t represented a Pinus 
spp. canopy w i t h B - Plan at stage I . However, f u r t h e r examination 
i n the f i e l d showed t h a t both the t r e e s and ground f l o r a were stunted 
by r u n o f f from extensive mine waste deposits l y i n g upslope from the 
s i t e . Consequently 29 was e v e n t u a l l y r e j e c t e d a f t e r the f i e l d survey. 
2. Quercus x rosacea - Quadrats 33, 52, 53 and 54 
The Quercus grouping was less w e l l d e f i n e d i n the. o r d i n a t i o n 
because there i s a considerable degree o f n a t u r a l oak regen e r a t i o n 
under many d i f f e r e n t canopy types (Figures 4.1. and 4.2.). Fagus 
s y l v a t i c a , which has been planted as w e l l as n a t u r a l l y r e g e n e r a t i n g 
w i t h i n Quercus stands, added f u r t h e r c o n f usion. Quadrat 33.was s e l e c t e d 
because i t has only a few Fagus i n d i v i d u a l s much dominated by a Quercus 
canopy. Three new Quercus quadrats - 5 2 , 53 and 54, were added t o 
the s t u d i e s f o r phases I I and I I I because no other s u i t a b l e quadrats 
were found among o r i g i n a l 50. Also, i t was at t h i s stage t h a t the 
importance of the ground f l o r a and also the seed, banks under the former 
oak coppice woodland was r e a l i s e d . Quadrat 52 i s an o l d coppice i n 
part of what appears t o be ancient semi-natural woodland. ( P l a t e 4.3.) 
Quadrat 53 a pure Quercus stand, probably planted i n 1916 ( e s t a t e 
r e c o r d s ) , was also s e l e c t e d . This was a timber stand now abandoned 
and i n c o n t r a s t to quadrat 52 had been less d i s t u r b e d (Wigston, pers. 
comm.). 
Most Quercus s i t e s are on the steepest slopes near the River 
Tamar. They are u n s u i t a b l e f o r B - Plan development because 
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P l a t e 4.1. B - Plan s u b - u n i t s i n quadrat 4 
4.' 
P l a t e 4,2. B - Plan s u b - u n i t s i n quadrat 9 
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1 
P l a t e 4.3. R e l i c oak coppice i n quadrat 52 
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e x t r a c t i o n i s d i f f i c u l t . Hence few Quercus canopies have B - Plan 
u n i t s . However, quadrat 54 was chosen because i t has a B - Plan u n i t 
at stage I I I under a Quercus canopy and was one of the few examples 
of t h i s type ( P l a t e 4.4.). 
3. Pseudotsuga m e n z i e s i i - Quadrats 44, 55 and'56 
Quadrat 44 of the o r i g i n a l 50 quadrats was chosen because i t 
had B - Plan at stage I I I under a pure Pseudotsuga canopy (Table 4.4,). 
The other o r i g i n a l quadrats w i t h Pseudotsuga had i n a p p r o p r i a t e f e a t u r e s . 
Quadrats 7 and 35 were too close t o a r i d e , 12 bordered on oak coppice, 
and 31 d i d not have a l l of the B - Plan u n i t w i t h i n the boundaries. 
Hence these quadrats were r e j e c t e d and two new quadrats, 55 and 56, 
were se l e c t e d (Table 4.4.). Both these were s i t u a t e d under mature 
Pseudotsuga canopies, where some of the f i r s t B - Plan u n i t s were 
planted i n the e a r l y 1960's. The sub-units were at B - Plan stage 
IV ( P l a t e s 4.5. and 4.6.). 
4. L a r i x spp. and Pinus spp. - Quadrats 15 and 23 
Two good r e p r e s e n t a t i v e s of t h i s group emerged from the o r i g i n a l 
50 quadrats - 15 and 23. They were o r d i n a t e d c l o s e l y a t phase I (F i g u r e 
4,1.) and appeared i n the same TWINSPAN group. Quadrat 15 contained 
a stage IV B - Plan sub-unit and 23 a stage I s u b - u n i t . 
4.3.3. The minor canopy quadrats selected f o r phases I I and I I I 
5. Picea abies or P. s i t c h e n s i s - Quadrats 14 and 17 
Quadrat 14 from the o r i g i n a l 50 quadrats had a very dark Picea 
s i t c h e n s i s canopy w i t h B - Plan at stage I I I . These sub-units allowed 
l i g h t to reach the ground f l o r a , which responded w i t h abundant growth 
( P l a t e 1.4,). Quadrat 14 was chosen because i t shows the marked c o n t r a s t 
i n the ground f l o r a between dark monoculture p l a n t a t i o n s and the 
B - Plan u n i t s . 
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P l a t e 4.4. B - Plan s u b - u n i t s i n quadrat 54 
P l a t e 4.5. B - P l a n s u b - u n i t s in quadrat 55 
P l a t e 4.6. B - Plan s u b - u n i t s i n quadrat 56 
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Quadrat 17 was selected because i t had a very mature B - Plan 
u n i t at stage V, as w e l l as a dense spruce canopy of Picea abies w i t h 
a few Pinus spp. t r e e s (Table 4.4.). 
6. L a r i x spp. - Quadrat 13 
Very few of the stands i n Tavistock Woodlands are of pure l a r c h . 
Most have been i n t e r - p l a n t e d w i t h Pinus spp. Quadrat 13, of the o r i g i n a l 
50, was chosen as the o n l y good example of a l i g h t deciduous canopy 
of pure L a r i x spp. w i t h a well-developed B - Plan u n i t at stage V 
(Table 4,4.) ( P l a t e 4.7,), 
7. Quercus x rosacea w i t h L a r i x spp, - Quadrat 40 
Quadrat 40 from the o r i g i n a l 50 quadrats i s the sole 
r e p r e s e n t a t i v e w i t h a Quercus and L a r i x canopy. Hence i t was 
chosen because.in a d d i t i o n t o r e p r e s e n t i n g t h i s canopy type, i t a l s o 
has a B - Plan u n i t under a deciduous canopy, . 
^' Quercus x rosacea w i t h . p l a n t e d Fagus s y l v a t i c a - Quadrat 32 
Quadrat 32 from the o r i g i n a l 50 represented t h i s very minor 
canopy type (Table 4,4.). During the course of the study the canopy 
was f e l l e d t o expand the 'adjoining 'Nothofagetum'. However the ground 
f l o r a was sampled p r i o r t o and a f t e r the f e l l i n g . The r e s u l t s were 
used t o examine the immediate e f f e c t o f . c l e a r - f e l l i n g on the ground 
f l o r a , 
9- L a r i x spp, and Fagus s y l v a t i c a - Quadrat 51 
Quadrat 46 w i t h a Fagus canopy from the 1978 t r e e survey was 
r e j e c t e d f o r f u r t h e r study because being s i t e d randomly, p a r t of the 
B - Plan u n i t f e l l o u t s i d e the quadrat. A new quadrat - 51 - was 
s u b s t i t u t e d f o r 46. I t has B - Plan at stage I ( P l a t e 4.8.) and 
i s a lso an example of B - Plan management t h a t has been unsuccessful. 
The Tsuga h e t e r o p h y l l a i n the B - Plan u n i t i s not t h r i v i n g . . The 
e s t a t e managers plan t o f e l l the surrounding canopy t o encourage the 
Tsuga (Dyer, pers. comm.), 
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P l a t e 4.7. B - Plan sub-units i n quadrat 13 
P l a t e 4.8. B - Plan s u b - u n i t s i n quadrat 51 
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10. Mixed p l a n t a t i o n s - Quadrats 19, 38 and 32 
Two examples of even-aged p l a n t a t i o n s were included i n the study 
f o r comparison w i t h the uneven-aged B - Plan quadrats - 19 and 38. 
A t h i r d example -.32 - was added a f t e r i t s Quercus and Fagus canopy 
was f e l l e d i n 1980. Quadrat 19 i s older than 38. I t has a dense 
canopy and i s nearl y impenetrable. Quadrat 38 was planted on the 
s i t e of a Quercus coppice c l e a r e d i n 1975 three years before the t r e e 
survey. Consequently the ground f l o r a development was f o l l o w e d over 
a p e r i o d of fou r years. 
4.4. Survey and a n a l y s i s of the canopy i n the 20 selected quadrats 
at phase I I 
The canopy composition of the 19 s p e c i a l l y selected quadrats 
f o r the phase I I t r e e survey i n 1981 were examined i n d e t a i l . Quadrat 
29 was om i t t e d due t o the e f f e c t s of t o x i c mine waste. The aim of 
t h i s survey a n a l y s i s was t o more c l e a r l y describe the v a r i o u s canopy 
types which could u l t i m a t e l y determine the understorey and ground 
f l o r a l a y e r s . Species dominance was considered an important aspect 
of these r e l a t i o n s h i p s and thus was st u d i e d i n d e t a i l . 
"The t r e e species which dominate a p a r t i c u l a r woodland have 
more i n f l u e n c e of the t o t a l character of the ecosystem than 
do herbaceous p l a n t s of the f i e l d layer.'* ( R a t c l i f f e , 1977: 
p. 14) 
4.4.1. F i e l d survey using summed basal area 
To study the dominance of a p a r t i c u l a r canopy species, a q u a n t i -
t a t i v e measure was used f o r f i e l d survey. Basal area i s used as an 
expression o f dominance i n both e c o l o g i c a l and s y l v i c u l t u r a l work 
(Lindsey et aL. 1958; Shimwell, 1971; Greig-Smith, 1983). The t o t a l 
summed basal area of a l l the t r e e s of one species i n a quadrat was 
used. 
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The stems of multi-stemmed coppice t r e e s were measured i n d i v i -
d u a l l y . For smaller multi-stemmed i n d i v i d u a l s o n l y diameter at breast 
height of the l a r g e s t stem was measured. From t h i s , the basal area 
was c a l c u l a t e d , m u l t i p l i e d by the t o t a l number of stems and then d i v i d e d 
by two. This produced a reasonable estimate of the t o t a l basal area 
w i t h o u t having t o expend an excessive amount of time i n the f i e l d . 
Dead t r e e s were not i n c l u d e d . 
I n the phase I t r e e survey 1978, presence/absence data were 
c o l l e c t e d f o r t r e e s g r e a t e r than f i v e cms diameter at breast h e i g h t . 
To describe the canopy and understorey l a y e r s b e t t e r at phase I I , 
h e i g h t , r a t h e r than diameter was used t o d i s t i n g u i s h canopy t r e e s 
from those o f the upper shrub l a y e r . The l a y e r s were recorded as 
f o l l o w s : 
Tree >5m 
Upper shrubs >2m - ^5m 
Lower shrubs . ^2m 
This change r e s u l t e d i n a few smaller i n d i v i d u a l s being i n c l u d e d i n 
the second t r e e survey which were not i n the f i r s t . These were some 
n a t u r a l l y regenerated species growing e i t h e r between u n i t s or at the 
edges of rackways thus escaping c l e a r i n g . . Some t r e e s from B - Plan 
sub-units were also i n c l u d e d . These i n c l u s i o n s d i d not have a s i g n i -
f i c a n t e f f e c t on the q u a n t i t a t i v e a n a l y s i s because t h e i r basal areas 
were s m a l l . 
To f u r t h e r c l a r i f y the species r e l a t i o n s h i p s w i t h i n the canopies, 
Pseudotsuga m e n z i e s i i was d i v i d e d i n t o three types depending upon 
i t s o r i g i n . This reduced the overlap i n the a n a l y s i s between canopies 
c o n t a i n i n g Pseudotsuga of d i f f e r e n t types. The types are as f o l l o w s : 
1 - Pseudotsuga m e n z i e s i i A - i n p l a n t a t i o n s ( u s u a l l y pre-B - Plan) 
2 - Pseudotsuga m e n z i e s i i B - i n B - Plan sub-units 
3 - Pseudotsuga m e n z i e s i i C - n a t u r a l l y regenerated 
Pseudotsuga m e n z i e s i i C was not yet t a l l enough to be included i n 
the t r e e a n a l y s i s , but i t was i n c l u d e d i n both the upper and lower 
shrub l a y e r s ( s e c t i o n 4.5.). 136 
A.4,2. Canopy d e n s i t i e s of the quadrats i n the phase I I t r e e s u r v e y 
2 Bunce (1982) used summed b a s a l a r e a of a l l the t r e e s i n a 200m 
quadrat to d e s c r i b e n a t i v e woodland canopies a s e i t h e r dense, average 
or open. Table 4.5. shows the 19 quadrats i n phase I I i n r e l a t i o n , 
to these c a t e g o r i e s . 
Table 4.5. Canopy d e n s i t i e s of the quadrats i n phase I I t r e e survey 
1981 ( a f t e r Bunce, 1982) 
Canopy d e s c r i p t i o n Summed b a s a l a r e a Quadrats 




1.5400 - 1.0750 
1.0749 - 0.6090 





Quadrat 32 before f e l l i n g 
Ten q u a d r a t s , a l l w i t h B - P l a n , have average d e n s i t i e s . The d e n s e s t 
quadrats i n c l u d e a l l of the n e g l e c t e d Quercus c a n o p i e s . 32,33,52,53, 
the Fagus and L a r i x canopy, 51. and the P i c e a s i t c h e n s i s canopy 14. 
Quadrat 54 has a l i g h t canopy of Quercus wi t h a B - P l a n u n i t . T h i s 
canopy was j u s t dense enough to be i n c l u d e d w i t h i n the average c l a s s . 
Quadrat 19, which was a n e a r l y impenetrable p l a n t a t i o n , had only an 
average d e n s i t y because the t r e e t r u n k s were s t i l l s m a l l , even though 
the canopy was c o m p l e t e l y c l o s e d . The only open canopy was i n quadrat 
15 w i t h a B - Plan u n i t at stage IV, T h i s quadrat a l s o had Rhododendron 
ponticum c o v e r i n g a r e l a t i v e l y l a r g e p o r t i o n of i t s a r e a . T h i s excluded 
t r e e s which would have c o n t r i b u t e d to a higher d e n s i t y . 
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4.4,3 C l a s s i f i c a t i o n and o r d i n a t i o n of the canopy data at phase I I 
Only 17 of the 20 quadrats were a n a l y s e d u s i n g TUINSPAN and 
DECOEIANA i n the phase I I canopy survey. Quadrat 29 was e l i m i n a t e d 
from f u r t h e r study due to the adverse e f f e c t of r u n o f f from t o x i c 
mine waste. Quadrat 38 was omitted because i t had no d i s t i n c t canopy 
and most of the t r e e s were l e s s than f i v e metres t a l l . F i n a l l y , quadrat 
32 was the Quercus and Fagus canopy f e l l e d a f t e r the phase I t r e e 
survey. 
Using summed b a s a l a r e a , the pseudospecies cut l e v e l s f o r TWINSPAN 
had to be c a r e f u l l y chosen. The f i n a l v a l u e s a r e shown i n Table 4.6. 
Fewer s p e c i e s have summed b a s a l a r e a s per quadrat i n the two l a r g e s t 
cut l e v e l s 4 and 5. T h i s i s f i r s t l y because B - Pl a n management aims 
to f o l l o w the r e v e r s e d J - curve f o r age v e r s u s s i z e d i s t r i b u t i o n 
( F i g u r e 2 . 2 ) , w i t h many .more s m a l l e r i n d i v i d u a l s of the r e c e n t l y 
i n t r o d u c e d s p e c i e s such as Tsuga and Thuja• Secondly, the n a t u r a l l y 
regenerated s p e c i e s c o n t r i b u t e g r e a t e r v a r i e t y to lower cut l e v e l s 
due to t h e i r s m a l l e r . b a s a l a r e a s . 
The quadrats from the TWINSPAN Table 4.7. can be d i v i d e d i n 
s i x groups as f o l l o w s : 
Quadrats 
1. L a r i x spp. w i t h Fagus or Quercus 40,51 
2. Quercus x r o s a c e a 32,52,53 
3. L a r i x spp. or L a r l x spp. w i t h Pinus spp. 13,15,23,54 
4. Pinus spp. 4.9,17,19 
5. P i c e a s i t c h e n s i s 14 
6. Pseudotsuga m e n z i e s i i 44,55,56 
A quadrat o r d i n a t i o n u s i n g DECORANA"(Figure 4.3.) shows the 
r e l a t i o n s h i p s between these groups. 
Group 1 
The f i r s t group, L a r i x spp. wit h Fagus or Quercus, c o n s i s t s 
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Table 4.6. Pseudospecies cut l e v e l s f o r TWINSPAN a n a l y s i s 
second t r e e survey - phase I I 
Summed B ^ s a l Pseudospecies Number of times a s p e c i e s has a 
Area (dm ) cut l e v e l summed b a s a l a r e a w i t h i n cut l e v e l 
0-0.20 1 29 
0,21-1.00 2 30 
1.01-5.00 3 31 
5.01-25.00 4 15 
25.01 + 5 18 
of quadrats 40 and 51, The i n d i c a t o r f o r t h i s group was L a r i x spp. 
Quadrat 40 has one L a r i x spp. t r e e w i t h i n a Quercus canopy, a minor 
canopy type ( T a b l e 4 . 4 . ) . Quercus was the dominant s p e c i e s . The 
r a t i o of Quercus to L a r i x by b a s a l a r e a was 8 to 1. The L a r i x i n 
quadrat 51 was i n combination w i t h Fagus, a minor canopy type ( T a b l e 
4 . 4 . ) , i n a r a t i o of 1 to 1. Quadrats 40 and 51 are c l a s s i f i e d w i t h 
33,52 and 53 i n the second TWINSPAN d i v i s i o n ( s e e quadrat d i v i s i o n 
l i n e 2 Table 4 . 7 . ) . Fagus s y l v a t i c a i s the i n d i c a t o r f o r t h i s f i v e 
quadrat group. The Fagus i n 40,33,52 and 53 appears to be n a t u r a l l y 
r e g e nerated, w h i l s t t h a t i n 51 i s p l a n t e d . Both quadrats 40 and 51 
have poor B - Pl a n u n i t s which have been abandoned by the estate.-
I n the DECORANA o r d i n a t i o n diagram (Group 1 - F i g u r e 4 . 3 . ) , quadrat 
40 appears as expected i n the space between the L a r i x and Quercus 
canopy t y p e s . Quadrat 51 appears w i t h i n the L a r i x canopy space. 
Group 2 
The second group (group 2 - Table 4.7. and F i g u r e 4.3.) Quercus 
X r o s a c e a , q u a d r a t s 33,52 and 53, i s composed s o l e l y of quadrats i n 
the major canopy type Quercus ( T a b l e 4 . 4 . ) . These t h r e e quadrats 
have no B - Pl a n u n i t s . L a r i x spp., the i n d i c a t o r f o r quadrats 40 
and 51, d i v i d e s 33,52 and 53 from 40 and 51. A combination of B e t u l a , 
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1 Larix with Fagus or Quercus 
2 Quercus 
Larix with or 
o without P/Vius 
4 Pinus 
5 Picea sitchensis 
6 Pseudotsuga 
( ) Quadrat number 
3(54) 
(56) 
(55)6 6 6(44) 
Pseudotsuga 
Axis E 
F i g u r e 4 . 3 . DECORANA s i t e o r d i n a t i o n of data from the phase I I t r e e survey showing TWINSPAN groups and major 
canopy types 
Fagus and Quercus a r e p r e f e r e n t i a l s f o r t h i s Quercus group. The group 
appears q u i t e d i s t i n c t on the o r d i n a t i o n ( F i g u r e 4.3.) w i t h i n the 
Quercus major canopy type space. 
Group 3 
The t h i r d group, L a r i x spp. or L a r i x spp. w i t h Pinus spp., i s 
l e s s c l e a r l y d e f i n e d . The group appears i n the c e n t r e of the c l a s s i f i -
c a t i o n t a b l e ( T a b l e 4.7.) where the l e a s t d i f f e r e n t i a l quadrats a r e 
found ( H i l l , 1979c). The i n d i c a t o r f o r t h i s group i s Pseudotsuga 
m e n z i e s i i B because a l l these quadrats have mature B - Plan s u b - u n i t s 
w i t h l a r g e Pseudotsuga t r e e s . L a r i x spp, and Tsuga h e t e r o p h y l l a a r e 
p r e f e r e n t i a l s f o r t h i s group. Quadrat 13 has the minor canopy type 
L a r i x spp., w h i l s t 15 and 23 have the major canopy type L a r i x spp. 
and Pinus spp. Quadrat 54 w i t h a Quercus canopy i s c l a s s i f i e d w i t h 
these t h r e e due to the Pseudotsuga i n . t h e . B - P l a n u n i t . On the 
o r d i n a t i o n diagram (group 3 - F i g u r e 4 . 3 . ) , quadrat 13 appears i n 
the minor canopy type L a r i x spp. Quadrats 15 and 23 are i n the o v e r l a p 
space between P i n u s and L a r i x , i n the major canopy type space P i n u s 
and L a r i x . Quadrat 54, w i t h i t s Quercus canopy, appears i n the Quercus 
space, but c l o s e r than the other Quercus quadrats to the Pseudotsuga 
space, because i t has B - P l a n s p e c i e s as w e l l as one l a r g e Pseudotsuga 
m e n z i e s i i l e f t over from the r o t a t i o n p r i o r to the one i n which the 
Quercus was planted.-
Group 4 
The f o u r t h group, quadrats 4,9,17 and 19 a l l c o n t a i n Pinus 
s y l v e s t r i s and a l l but 9 have some P. n i g r a . There a r e no s p e c i f i c 
i n d i c a t o r s f o r t h i s group to s e p a r a t e i t from quadrats 13 to 54, because 
Pseudotsuga m e n z i e s i i B i s the s t r o n g i n d i c a t o r f o r the l a t t e r group. 
Quadrats 4 and 9 have younger B - P l a n u n i t s than 13,15,23 or 54. 
Pinus s y l v e s t r i s , P. n i g r a and Sorbus a u c u p a r i a are p r e f e r e n t i a l s 
for t h i s Pinus group. 
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I n the DECORANA o r d i n a t i o n (group A - Table 4.7. and F i g u r e 
4 . 3 . ) , q u a d r a t s 4,9 and 17 appear i n the P i n u s spp. canopy sp a c e . 
Quadrat 17 i s at one extreme due to the P i c e a a b i e s component of i t s 
canopy. Quadrat 19 i s p o s i t i o n e d i n the middle of the o r d i n a t i o n , 
a r e s u l t of i t s g r e a t mixture of s p e c i e s . These i n c l u d e some n a t u r a l l y 
r e g e n e r a t e d s p e c i e s which o r i g i n a t e d at the time of c l e a r - f e l l i n g 
and r e - p l a n t i n g . These B e t u l a , Quercus and Sorbus i n d i v i d u a l s have 
grown up w i t h the c o n i f e r o u s t r e e s p l a n t e d i n 1968. However, they 
a r e l a g g i n g behind i n growth and a r e n e a r l y over-topped by the c o n i f e r o u s 
s p e c i e s , 
Group 5 
The f i f t h group c o n t a i n s only quadrat number 14 (group 5 - Table 
4.7. and F i g u r e 4 . 3 . ) . T h i s i s an unusual canopy type of P i c e a s i t c h e n s i s , 
which i s the i n d i c a t o r f o r t h i s group. Quadrat 14 appeared a s an 
o u t l i e r on the f i r s t o r d i n a t i o n a x i s , c a u s i n g a poor o r d i n a t i o n on 
axes I X I I and I x I I I . Hence the o r d i n a t i o n used i n F i g u r e 4,3. 
i s f o r I I and I I I . I n t h i s p l o t , the r e l a t i o n s h i p s between the o t h e r 
quadrats and canopy types a r e w e l l i l l u s t r a t e d even though quadrat 
14 i s p l o t t e d i n the c e n t r e of the o r d i n a t i o n . 
Group 6 
The f i n a l group Pseudotsuga, quadrats 44,55 and 56, i s a v e r y 
d i s t i n c t d i v i s i o n i n the TWINSPAN c l a s s i f i c a t i o n ( T a b l e 4 . 7 . ) . These 
t h r e e quadrats s e p a r a t e out i n the v e r y f i r s t d i v i s i o n . They a l l 
have B - Plan u n i t s under mature Pseudotsuga c a n o p i e s . The i n d i c a t o r 
for the group i s Pseudotsuga m e n z i e s i i A. I n the o r d i n a t i o n , these 
t h r e e quadrats l i e c l e a r l y a t the r i g h t hand end of the second a x i s 
( F i g u r e 4 . 3 . ) . 
1 4 3 
4.5. Phase I I I - the shrub survey - 1982 
Under the Bradford P l a n , shrubs appear to b e n e f i t from the i n c r e a s e d 
l i g h t and the r e d u c t i o n i n c o m p e t i t i o n from t r e e s a f t e r c l e a r i n g of 
a new s u b - u n i t . They r e a c t w i t h r e l a t i v e l y abundant and d i v e r s e growth 
compared to shrubs under the even-aged p l a n t a t i o n s or under the 
abandoned coppice. As such, they a r e an important component of the 
woodland s t r u c t u r e under B - P l a n and need to be examined i n d e t a i l . 
The low p r o d u c t i v i t y of shrubs under c l o s e d canopies means they 
cannot always recoup the energy expended i n making t h e i r woody stems 
and as a r e s u l t they d i e out ( G i v i n i s h , 1982). Consequently l a r g e 
shrubs i n E u r a s i a n and North American f o r e s t s a r e few and w i d e l y 
s c a t t e r e d ( L a r s e n , 1980). T h e i r s c a r c i t y means t h a t they have r e c e i v e d 
l i t t l e a t t e n t i o n i n the l i t e r a t u r e , and t h a t t h e r e i s no consensus 
i n methods of treatment or of d e f i n i t i o n . 
4,5.1. D e f i n i n g shrubs 
Bunce (1982) and Cameron (1980) d e f i n e shrubs a s : 
"... woody p e r e n n i a l s t h a t u s u a l l y do not c o n t r i b u t e to the 
canopy." (Bunce, 1982: p. 15) 
The word ' u s u a l l y ' can cause c o n f u s i o n . For example, Sambucus n i g e r , 
I l e x a q u i f o l i u m , C o r y l u s a v e l l a n a and S a l i x spp. are c i t e d as examples 
of shrubs by Packham and Harding ( 1 9 8 2 ) , Cameron (1980) and Bunce 
( 1 9 8 2 ) . However, when these s p e c i e s become l a r g e enough to r e a c h 
the canopy, Bunce (1982) l i s t s them as t r e e s . Ash and Barkham (1976) 
c o n s i d e r these s p e c i e s p l u s Crataegus monogyna and F r a x i n u s e x c e l s i o r 
as t r e e s , but count them as part of the f i e l d l a y e r when they a r e 
s m a l l e r . I n the same way, N o r r i s and Barkham (1970) c o n s i d e r a l l . 
s p e c i e s l e s s than 91cms i n height as p a r t of the f i e l d l a y e r , whether 
they are shrub, t r e e s e e d l i n g or herb. Hence the c r i t e r i o n of s i z e , 
r a t h e r than s p e c i e s , d e f i n e s a shrub and t h i s was the approach adopted 
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here. Loucks (1962) a l s o c o n s i d e r s a multi-stemmed form important 
i n c l a s s i f y i n g an i n d i v i d u a l as a shrub. 
4.5.2, F i e l d s u r v e y s of upper and lower shrub l a y e r s 
The development of ,a working d e f i n i t i o n , i n c o r p o r a t i n g h e i g h t , 
was e s s e n t i a l to enable an examination of the un d e r s t o r e y l a y e r s . 
The d e c i s i o n was made to c o n s i d e r a l l those i n d i v i d u a l s having a woody, 
p e r s i s t e n t stem, w i t h e i t h e r a multi-stemmed form or a single-stemmed 
growth form, as part of the shrub l a y e r . S p e c i e s l i k e Rubus agg. 
and L o n i c e r a periclymenum were excluded on the grounds that although 
they have a p e r s i s t e n t woody stem, t h e i r form i s n e i t h e r shrub nor 
t r e e - l i k e . Most of the under s t o r e y i s l e s s than two metres high due 
to the e s t a t e weeding o p e r a t i o n s . T h i s was termed the lower shrub 
l a y e r . Some i n d i v i d u a l s escape c u t t i n g back, p a r t i c u l a r l y at the 
edge of rackways and r i d e s or between u n i t s , where t h e i r growth does 
not i n t e r f e r e w i t h the e s t a b l i s h m e n t of new s u b - u n i t s . - These i n d i v i -
d u a l s form an upper shrub l a y e r up to and i n c l u d i n g those which a r e 
f i v e metres i n h e i g h t . T h i s l a y e r i s comparable to the height of 
the shrub l a y e r i n a r e g u l a r l y cut coppice - 2.6-3,2m (Rackham, 1980a). 
Meuller-Dombois and E l l e n b e r g (1974) suggest the f o l l o w i n g h e i g h t 
l i m i t s f o r the shrub l a y e r s : 
Lower shrub l a y e r - >30cm ^2m 
Upper shrub l a y e r - >2m $ 5m 
These l i m i t s were adopted f o r the lower and upper shrub l a y e r s u r v e y 
i n phase I I I 1982. but wit h the lower shrub l a y e r i n c l u d i n g a l l 
i n d i v i d u a l s having a woody, p e r s i s t e n t stem from s m a l l s e e d l i n g s upwards 
The predominant growth form i n the lower shrub l a y e r was s p r e a d i n g 
and multi-stemmed, the r e s u l t of frequent c u t t i n g . An e s t i m a t e of 
cover, r a t h e r than b a s a l a r e a , was more a p p r o p r i a t e . Hence cover 
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i n square metres was used f o r d e s c r i b i n g the lower shrub l a y e r . A 
complete l i s t of a l l the s p e c i e s i n the lower shrub l a y e r appears 
i n Table 4.8. Pseudotsuga m e n z i e s i i appears i n the a n a l y s i s a s : 
B - planted i n B - P l a n s u b - u n i t s 
C - n a t u r a l l y r e g e n e r a t e d 
Table 4.8. Lower shrub l a y e r s p e c i e s 
1. Acer pseudoplatanus L. 14. Prunus l a u r o c e r a s u s L. 
2. B e t u l a pendula Roth. 15. Quercus c e r r i s L. 
B e t u l a pubescens Ehrh. 16. Quercus x r o s a c e a B e c h s t . 
3. Castanea s a t i v a M i l l , 17. Rhododendron ponticum L. 
4. C o r y l u s a v e l l a n a L. 18. Rosa c a n i n a L. 
5. Crataegus monogyna J a c q . 19. S a l i x c i n e r e a L. 
6. C y t i s u s s c o p a r i u s ( L . ) L i n k 20. Sambucus n i g r a L. 
7. Fagus s y l v a t i c a L. 21. Sorbus a u c u p a r i a L. — 
8. Frangula a l n u s M i l l . 22. Thuja p l i c a t a D. Don. 
9. I l e x a q u i f o l i u m L. 23. Tsuga h e t e r o p h y l l a ( R a f i n . ) 
Sarg. 
10, Nothofagus pro c e r a 24. Ulex g a l l i i Planch.. 
(Poepp. and E n d l . ; O e r s t ) 25. Viburnum opulus L. 
11. P i c e a a b i e s ( L . ) K a r s t . 
12. Pinus s y l v e s t r i s . L . . 
13. Pseudotsuga m e n z i e s i i 
(Mirb.) Franco 
Nomenclature f o l l o w s Ivimey-Cook (1984) and M i t c h e l l (1974) 
Cover e s t i m a t e s were l e s s a p p r o p r i a t e f o r the upper shrub l a y e r , 
which was more t r e e - l i k e i n growth form. Hence t h i s l a y e r was t r e a t e d 
i n the same manner as the t r e e s i n the second t r e e s u r v e y . B a s a l 
a r e a i n s t e a d of cover was used as the q u a n t i t a t i v e measure of s p e c i e s 
dominance. A complete l i s t of the s p e c i e s i n the upper shrub l a y e r 
appears i n Table 4.9. Pseudotsuga m e n z i e s i i appears i n t h i s l a y e r 
as: 
A - p l a n t e d i n p l a n t a t i o n u s u a l l y p r i o r to 1960 
B - p l a n t e d i n B - P l a n s u b - u n i t s 
C - n a t u r a l l y r e g e n e r a t e d . 
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4.5.3. The a n a l y s e s of the lower and upper shrub l a y e r s - phase I I I -
1982 
The lower shrub l a y e r data f o r each s p e c i e s i n each quadrat i n the 
form of summed t o t a l cover (m^) were a n a l y s e d u s i n g TUINSPAN and 
DECORANA ( H i l l , 1979b,c) f o r the c l a s s i f i c a t i o n and o r d i n a t i o n of 
17 q u a d r a t s . Quadrats 19 and 38 were omitted, because quadrat 19 
had no u n d e r s t o r e y under the dense p l a n t a t i o n , w h i l e quadrat 38, a 
newly e s t a b l i s h e d p l a n t a t i o n , was weeded f r e q u e n t l y , thus s u p p r e s s i n g 
shrub growth. The data ranged from 18% t o t a l quadrat cover f o r one 
s p e c i e s to l e s s than 0.5%, Many s p e c i e s were r e p r e s e n t e d by l e s s 
than 0.5% t o t a l quadrat cover ( T a b l e 4.10.). T h i s made i t d i f f i c u l t 
to s e l e c t p seudospecies cut l e v e l s f o r TWINSPAN which would adequately 
Table 4.9. Upper shrub l a y e r s p e c i e s 
1, B e t u l a pendula Roth./ 10. Pseudotsuga m e n z i e s i i ' ( M i r b . ) 
B e t u l a pubescens Ehrh. Franco 
2. Castanea s a t i v a M i l l 11. Quercus x r o s a c e a B e c h s t . 
3. C o r y l u s a v e l l a n a L. 12. S a l i x c i n e r e a L. 
4. Crataegus monogyna J a c q . 13. Sambucus n i g r a L. 
5. Fagus s y l v a t i c a L. 14. Sequoia sempervirens 
6. Frangula a l n u s M i l l . (D. Don) End. 
7. F r a x i n u s e x c e l s i o r L. 15. Sorbus a u c u p a r i a L. 
8. I l e x a q u i f o l i u m L, 16. Sorbus t o r m i n a l i s ( L ) , C r a n t z 
9. P i c e a a b i e s ( L . ) K a r s t . 17. Thuja p l i c a t a D. Don. 
18. Tsuga h e t e r o p h y l l a ( R a f i n . ) 
Sarg. 
Nomenclature f o l l o w s Ivimey-Cook (1984) and M i t c h e l l (1974) 
r e p r e s e n t the range of s p e c i e s cover without g i v i n g too much weight 
to the r a r e r s p e c i e s . The dominant s p e c i e s w i t h h i g h e r cover v a l u e s 
appeared to r e p r e s e n t more a c c u r a t e l y the lower shrub l a y e r of each 
quadrat, so the f i r s t pseudospecies cut l e v e l has many e n t r i e s , w h i l e 
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Table 4.10, Lower shrub l a y e r - t o t a l percentage cover by s p e c i e s 
Quadrat number % of quad, s p e c i e s o c c u r s I n 
4 9 13 14 15 17 23 32 33 40 44 51 52 53 54 55 56 
Acer pseu + + 1 18% 
Betu pend/pube 18 11 1 1 + 2 1 1 + + + + 71 
Cast s a t i + + 12 
C y t i scop + •6 
Cory a v e l 1 + + 2 4 3 1 5 47 
C r a t mono + + 12 
Fagu s y l v + + 1 + 1 5 + + + 1 + + 71 
Fran a l n s + 6 
I l e x aqui + 1 + + + 3 7 + + 2 + I + + 82 
Noth proc 2 6 
Pinu spp. + 6 
Prun l a u r + 6 
Pseu men b 1 1 2 + 1 + 35 
Pseu men c + + + + 1 + + 1 1 + + + 71 
Quer c e r r 1 1 + + 24 
Quer xros 2 6 2 1 1 7 1 3 + 4 + + + + 4 1 1 100 
Rhod pont 7 6 1 + 24 
Rosa c a n i + 6 
S a l i c i n e 1 1 1 + 24 
Samb ni g r + 6 
Sorb acup 2 3 + + + + + + 1 + + 2 + + 82 
Thuj p i l e + + 1 1 + + + + + 53 
Tsug hete 1 + 1 + + 1 35 
Ulex g a l l 5 + + + 24 
Vibu opul + + 1 + . 1 29 
P i c e a b l e 1 6 
T o t a l s p e c i e s 11 11 9 7 9 10 9 12 5 8 8 5 6 7 10 10 9 x = 8 . 59,s.e 
"N a t u r a l s p e c i e s " 9 9 7 5 7 8 7 10 5 8 6 5 6 7 8 9 8 X = 7 .29,s.e 
T o t a l % cover 31 24 7 4 10 13 8 12 13 7 6 2 4 5 8 4 7 X = 9 .71,s.e 
Number of 25 23 pseudospecies 13 16 15 18 13 24 12 14 13 6 10 12 17 15 14 S? «15 .29,s.e 
0.37 
1 .82 
mean % of quadrats a s p e c i e s o c c u r s i n = 33.15; 
% ^ 0 . 5 0 % rounded o f f ; < 0.50 % recorded as + 
each subsequent l e v e l has fewer ( T a b l e 4.11.). T h i s g i v e s more weight 
to the hig h e r cover v a l u e s . 
The upper shrub l a y e r data f o r each s p e c i e s i n each quadrat 
i n the form of summed t o t a l b a s a l a r e a (cm^) were a n a l y s e d u s i n g TWINSPAN 
and DECORANA ( H i l l , 1979b.c). p r o v i d i n g a c l a s s i f i c a t i o n and o r d i n a t i o n 
f o r 15 q u a d r a t s . Quadrats 14,19,32 and 38 were omitted. Quadrat 
14 has no i n d i v i d u a l s w i t h i n the upper shrub l a y e r height l i m i t s . 
Quadrat 19 has no r e a l lower or upper shrub l a y e r under the even-aged 
p l a n t a t i o n canopy, although t h e r e were s e v e r a l B e t u l a i n the ground 
f l o r a a n a l y s i s . Quadrat 32 was under the r e c e n t l y f e l l e d Quercus 
and Fagus canopy, which had been p l a n t e d as an even-aged Nothofagus 
Table 4.11, The TWINSPAN pseudospecies cut l e v e l s f o r the 
lower shrub l a y e r 
Pseudospecies T o t a l % Quadrat Cover 
cut l e v e l 
A c t u a l 2 Number of 
cover-m e n t r i e s 
1 0 - 0.50 
2 0.51 - 1.00 
3 1.01 - 3,00 
4 3.0+ 
0.01 - 2.0 90 
2.01 - 4.0 24 
4.01 - 12.0 17 
12,01+ 16 
p l a n t a t i o n . Quadrat 38, another s l i g h t l y o l d e r even-aged p l a n t a t i o n , 
a l s o p art of the 'Nothofagetum' had no upper or lower shrub l a y e r 
due to co n s t a n t weeding. The average canopy h e i g h t was a l s o under 
f i v e metres. The data f o r the upper shrub l a y e r s ranged from one 
2 
to 232cm . The pseudospecies cut l e v e l s chosen appear i n - T a b l e 4.12. 
As w i t h the lower shrub l a y e r , the emphasis i s on the dominant s p e c i e s 
having the l a r g e s t b a s a l a r e a s . 
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Table 4.12. The pseudospecies cut l e v e l s for the upper shrub 
l a y e r 
Pseudospecies T o t a l Summed Number of 
E n t r i e s Cut L e v e l B a s a l A r e a / S p e c i e s / 
Quadrat (cm ) 
1 0 - 1 0 29 
2 1 1 - 3 0 25 
3 3 1 - 7 0 15 
4 70+ 13 
4.5.4. The shrub l a y e r s p e c i e s a s s o c i a t i o n s 
The lower shrub l a y e r 
The main s p e c i e s groups from the TWINSPAN c l a s s i f i c a t i o n ( T a b l e 
4.13.) appear i n Table 4.14. 
Group 1 ( T a b l e 4.14.) c o n s i s t s of t h r e e s p e c i e s . Rhododendron 
and Viburnum occur under the more humid canopy of e i t h e r Pseudotsuga 
m e n z i e s i i or L a r i x spp. w i t h e i t h e r Pinus spp. or Fagus s y l v a t i c a . 
Group 2 ( T a b l e 4.14.) i s a c o l l e c t i o n of n a t u r a l l y regenerated s p e c i e s 
found i n quadrats w i t h B - Plan u n i t s . I t a l s o i n c l u d e s Pseudotsuga 
p l a n t e d i n B - P l a n s u b - u n i t s . Group 3 ( T a b l e 4.14.) i s composed 
of B e t u l a spp, and Quercus x r o s a c e a w i t h the main B - Plan a s s o c i a t i o n 
of Thuja p l i c a t a and Tsuga h e t e r o p h y l l a . Quercus i s widespread i n 
the u n d e r s t o r e y and w i t h B e t u l a c o l o n i z e s openings c r e a t e d by B -
P l a n c l e a r i n g s . Hence these a r e grouped w i t h the two B - P l a n s p e c i e s . 
Group 4 ( T a b l e 4,14.) c o n t a i n s Fagus s y l v a t i c a and I l e x a q u i f o l i u m . 
These two s p e c i e s which a l s o appear together i n the t r e e o r d i n a t i o n s 
a r e a t y p i c a l n a t u r a l a s s o c i a t i o n . Both s p e c i e s can s u r v i v e low l i g h t 
i n t e n s i t i e s (Harper, 1977; Newbold and Goldsmith, 1981). Group 5 
( T a b l e 4.14.) c o n t a i n s s p e c i e s r e q u i r i n g high l i g h t i n t e n s i t i e s to 
reproduce and t h r i v e , n a t u r a l l y r e g e n e r a t e d Pseudotsuga, Quercus c e r r i s , 
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Table 4.13. TVJINSPAN c l a s s i f i c a t i o n t a b l e 
lower shrub l a y e r 
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Table 4.14. The major lower shrub l a y e r s p e c i e s groupings from the 
TWINSPAN c l a s s i f i c a t i o n ( T a b l e 4,13.) 
Group 1 Group 2 
Rhododendron ponticum Acer pseudoplatanus 
Group 3 
B e t u l a spp, 
Rosa c a n i n a 
Viburnum opulus 
Group 4 
Fagus s y l v a t i c a 
I l e x a q u i f o l i u m 
Pseudotsuga m e n z i e s i i B Quercus x r o s a c e a 
C rataegus monogyna Thuja p l i c a t a 
Prunus l a u r o c e r a s u s 
C y t i s u s s c o p a r i u s 
C o r y l u s a v e l l a n a 
Group 5 
Tsuga h e t e r o p h y l l a 
Group 6 
Pseudotsuga m e n z i e s i i C Castanea s a t i v a 
Quercus c e r r i s 
Sorbus a u c u p a r i a 
Ulex g a l l i i 
Nothofagus p r o c e r a 
Pinus s y l v e s t r i s 
P i c e a a b i e s 
Frangula a l n u s 
S a l i x c i n e r e a 
Sambucus n i g r a 
Sorbus a u c u p a r i a and Ulex g a l l i i . T h i s requirement i s f u l f i l l e d by 
e i t h e r the Pinus spp. or the deciduous Quercus c a n o p i e s . Group 6 
(T a b l e 4.14.) c o n t a i n s a number of s p e c i e s of low frequency found 
under e i t h e r the Pinus spp. or Quercus c a n o p i e s . 
The upper shrub l a y e r 
The main s p e c i e s groups from the TWINSPAN c l a s s i f i c a t i o n ( T a b l e 
4.15.) appear i n Table 4.16. Group 1, l i k e group 6 i n the lower shrub 
l a y e r , c o n s i s t s of a number of s p e c i e s of low frequency under p r i m a r i l y 
c o n i f e r o u s c a n o p i e s . Group 2 c o n s i s t s of t h r e e s p e c i e s ( T a b l e 4 . 1 6 . ) . 
F r a x i n u s e x c e l s i o r w i t h o n l y one oc c u r r e n c e and C o r y l u s a v e l l a n a , 
which i s most abundant i n s i t e s which have been c o n t i n u o u s l y wooded, 
quadrats 40,54,56,23 and 55. I t was i n these s i t e s t h a t B - Pl a n 
was f i r s t i n t r o d u c e d i n 1961. Hence the t h i r d s p e c i e s i n t h i s group 
Thuja p l i c a t a i s now l a r g e enough to be i n c l u d e d i n the upper shrub 
l a y e r . Group 3 c o n s i s t s of two s p e c i e s , B e t u l a spp. and Castanea 
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Table 4 . 1 5 . TWINSPAN c l a s s i f i c a t i o n t a b l e 
upper shrub layer 
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Table A. 16. The major upper shrub l a y e r species groupings from the 
TWINSPAN c l a s s i f i c a t i o n (Table 4.15.) 
Group 1 Group 2 Group 3 
Crataegus monogyna Corylus avellana Betula spp. 
Picea abies Fraxinus e x c e l s i o r Castanea s a t i v a 
Frangula alnus Thuja p l i c a t a 
Pseudotsuga m e n z i e s i i A 
Sequoia sempervirens 
-
Group 4 Group 5 Group 6 
Pseudotsuga m e n z i e s i i B Fagus s y l v a t i c a I l e x a q u i f o l i u m 
Quercus x rosacea S a l i x cinerea Pseudotsuga m e n z i e s i i ( 
Tsuga h e t e r o p h y l l a Sorbus aucuparia Sambucus n i g r a 
Sorbus t o r m i n a l i s 
s a t i v a (Table 4.16.). Castanea i s of low frequency, w h i l e Betula 
i s widespread i n the upper shrub l a y e r of most quadrats except f o r 
those w i t h mature closed deciduous canopies, 33,51,52 and 53. Group 
4 (Table 4.16.) i s s i m i l a r t o group 3 of the lower shrub l a y e r (Table 
4.14.), w i t h two B - Plan species, Pseudotsuga m e n z i e s i i B and Tsuga 
h e t e r o p h y l l a combined w i t h Quercus x rosacea, which are abundant i n 
B - Plan c l e a r i n g s . Group 5 also has three species (Table 4.16.). 
S a l i x cinerea i s of low frequency, found under two l i g h t c o n i f e r o u s . 
canopies, 9 and 15. Fagus s y l v a t i c a , which i s t o l e r a n t of lower l i g h t 
i n t e n s i t i e s (Newbold and Goldsmith, 1981) s u r v i v e s under the darker 
coniferous canopies of quadrats 56 and 55, as w e l l as under the l i g h t 
Pinus and L a r i x canopy of quadrat 15. Fagus i s a l s o found under the 
closed deciduous canopies of quadrats 33,52 and 53. I t germinates 
best on s i t e s w i t h o u t competing herbaceous v e g e t a t i o n or mosses, 
c o n d i t i o n s a f f o r d e d by the darker canopies. The t o l e r a n c e of Fagus 
of low l i g h t i n t e n s i t i e s stems from the f a c t t h a t , u n l i k e Quercus, 
i t does not e t i o l a t e i n shade and hence i s not s u s c e p t i b l e t o f u n g a l 
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a t t a c k . (Newbold and Goldsmith, 1981). Group 6 (Table 4.16.) i s 
composed of fou r species. Two are of low frequency, - Sambucus n i g r a 
and Sorbus t o r m i n a l i s . Sorbus i s found i n o l d woods w i t h a long 
continuous h i s t o r y ( W i l l m o t , 1977) and i s used i n eastern England 
as an i n d i c a t o r of ancient woodland (Peterken, 197A). I t i s found 
i n quadrat 52, an abandoned oak coppice. The other two .species, I l e x 
a q u i f o l i u m and n a t u r a l l y regenerated Pseudotsuga m e n z i e s i i C are both 
found under deciduous canopies. Both species c o l o n i z e open s i t e s 
and most probably regenerated many years ago, when the s i t e s were 
cleared and are remnants of t h a t time. 
The upper shrub l a y e r i n Tavistock Woodland i s less of a r e f l e c t i o n 
of a n a t u r a l v e g e t a t i o n a l response than of management. When these 
species become too l a r g e and i n t e r f e r e w i t h the B - Plan u n i t s , they 
are removed. Those i n d i v i d u a l s remaining are p r i m a r i l y on the edges 
of rackways, u n i t s and r i d e s . 
4.5.5. The r e l a t i o n s h i p between canopy type and shrub lay e r 
The lower shrub l a y e r 
The r e l a t i o n s h i p between the canopy types and the lower shrub 
l a y e r i s i l l u s t r a t e d i n the TWINSPAN c l a s s i f i c a t i o n (Table 4,13.). 
The quadrats of the major canopy types are d i v i d e d i n t o four TWINSPAN 
groups as f o l l o w s : 
Groups Quadrats 
1 - Mixture of species 51,56.15,23,55 
2 - Mixture of species 44.17,40,54,13,14 
3 - Pinus 4.9 
4 - Quercus 32,33.52,53 
The f i r s t two groups are mixtures of quadrats w i t h d i f f e r e n t 
canopy types. Three quadrats i n groups 1 and 2 are the Pseudotsuga 
1 55 
m e n z i e s i i quadrats 44,55 and 56. 44 and 55 are c l a s s i f i e d next t o 
each other i n the f i r s t d i v i s i o n (Table 4.13.) but are separated a t 
the second d i v i s i o n . I f the TWINSPAN t a b l e i s regarded more as a 
continuum r a t h e r than as a s e r i e s of independent groups (Gauch, 1982), 
then the shrubs of these quadrats are s i m i l a r . Quadrat 56 appears 
i n the same group w i t h 44 and 55 i n the f i r s t d i v i s i o n , w i t h 55 i n 
the second d i v i s i o n and i s separated from 55 I n the f o u r t h d i v i s i o n 
(Table 4.13.). I n the DECORANA o r d i n a t i o n , the p o s i t i o n of. these 
three quadrats i s c l e a r and they appear together i n the major canopy 
type space - Pseudotsuga (Figure 4.4; groups 1 and 2 ) . 
Group 1 (Table 4.13.) includes the two quadrats of the major 
canopy type L a r i x and Pinus, quadrat 15 and 23. They are c l a s s i f i e d 
next t o each other but w i t h three other quadrats of d i f f e r e n t canopy 
types. However i n the f o u r t h d i v i s i o n (Table 4.13.) they are separated 
out, t ogether w i t h quadrat 55 w i t h Sorbus aucuparia as an i n d i c a t o r . 
Sorbus i s a l i g h t demanding species and b e n e f i t s from the l i g h t e r 
L a r l x and Pinus canopies of quadrats 15 and 23, as w e l l as from the 
B - Plan c l e a r i n g i n quadrat 55. I n the DECORANA o r d i n a t i o n ( F i g u r e 
4.4; group 1 ) , 15 and 23 are a d i s t i n c t group, although the r e s t of 
the quadrats i n t h i s group 1 are s c a t t e r e d . 
Quadrats 17,40,13,14.51 arid 54 do not e x h i b i t p a r t i c u l a r l y c l e a r 
p a t t e r n s i n e i t h e r the TWINSPAN or the DECORANA analyses (groups 1 and 
2, Table 4.13. and Figure 4.4.). A l l but 51 appear, i n the centre of 
the TWINSPAN t a b l e , where the less d i f f e r e n t i a l species are c l a s s i f i e d 
( H i l l , 1979c). Quadrats 40 and 54 show some cohesiveness i n t h a t 
they are c l a s s i f i e d (group 2, Table 4.13.) and o r d i n a t e d ( c e n t r a l 
group 2, Figure 4.4.) c l o s e l y . They both have Quercus i n t h e i r canopies, 
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Axis H Group Type 
1 Mixture of species 
2 Mixture of species 
3 Pinus 
4 Quercus 









1 (15) Lan'x and Pinus 
1(55) 











Figure 4 . 4 . DECORANA s i t e o r d i n a t i o n of data from the phase H I lower shrub layer survey showing TWINSPAN groups 
and major canopy types 
w i t h B - Plan u n i t s . The B - Plan t r e e s i n quadrat 40 were l a r g e 
enough t o be incl u d e d i n the t r e e survey, so 40 i s c l a s s i f i e d w i t h 
54, not on the basis of B - Plan, but on the s i m i l a r i t i e s i n the n a t u r a l l y 
regenerated understorey species. Quadrat 51 i n group 1, w i t h i t s 
sparse understorey appears on the extreme l e f t side i n both the 
c l a s s i f i c a t i o n and o r d i n a t i o n (Table 4.13.. Figure 4.4.). 
The t h i r d and f o u r t h s i t e groups (Table 4.13.), i n c l u d e quadrats 
4.9,32.33,52 and 33. I n the f i r s t s i t e d i v i s i o n , these s i x are grouped 
together w i t h Sorbus aucuparia, S a l i x cinerea and n a t u r a l l y regenerated 
Pseudotsuga as i n d i c a t o r s . However i n the t h i r d d i v i s i o n (Table 4.13.), 
quadrats 4.and 9 become a d i s t i n c t group 3. Quercus c e r r i s i s the 
i n d i c a t o r f o r t h i s p a i r . Betula spp. w i t h Tsuga h e t e r o p h y l l a and Thuja 
p l i c a t a i n the B - Plan u n i t s are p r e f e r e n t i a l s . On the DECORANA o r d i n a -
t i o n quadrats 4 and 9 appear togeth e r i n the major canopy space - Pinus 
(group 3. Figure 4.4.). 
TWINSPAN group 4 (Table 4.13.). c o n s i s t i n g of the Quercus canopied 
quadrats 32,33.52 and 53 which i s a major canopy type, i s separated 
out c l e a r l y i n the t h i r d s i t e d i v i s i o n . N a t u r a l l y regenerated 
Pseudotsuga i s the strongest p r e f e r e n t i a l f o r t h i s group. These 
quadrats appear as a d i s t i n c t group i n the DECORANA o r d i n a t i o n (group 
4, Figure 4,4.) i n the Quercus major canopy type group space. 
The upper shrub l a y e r 
The r e l a t i o n s h i p between the canopy types and the species i n 
the upper shrub l a y e r i s not as c l e a r as i t i s w i t h the lower shrub 
l a y e r . This o b s c u r i t y appears t o be caused p r i m a r i l y by management 
operations removing the l a r g e r i n d i v i d u a l s of the upper l a y e r when 
they i n t e r f e r e w i t h the B - Plan u n i t s . This tends t o reduce the 
m a j o r i t y of the .understorey t o two metres or less and s e l e c t i v e l y 
favours i n d i v i d u a l s growing at edges, a l l o w i n g them t o grow-up i n t o 
the upper shrub l a y e r between two and f i v e metres. 
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The quadrats of the upper shrub l a y e r survey are d i v i d e d i n t o 
the f o l l o w i n g TWINSPAN groups ( s i t e groups, Table 4.15.): 
Group Quadrats 
1 - Pseudotsuga 44 
2 - Quercus w i t h B - Plan 17,40,54 
3 - Mixture of species 56,4.15,23,55 
4 - Mixture of species 9,13,33,51 
5 - Quercus -52,53 
The f i r s t group 1 c o n s i s t s only of quadrat 44, an unusual quadrat 
w i t h a Pseudotsuga canopy, shown on the extreme r i g h t of the DECORANA 
o r d i n a t i o n ( F i g u r e 4.5.). Unlike the other Pseudotsuga quadrats, . 
55 and 56, t h i s quadrat has an unusually high number o f n a t u r a l l y 
regenerated species i n the upper shrub l a y e r . This undoubtedly stems 
from the management h i s t o r y of quadrat 44 where c o n t i n u a l d e s t r u c t i o n 
of the B - Plan t r e e s by r a b b i t s r e s u l t e d i n B - Plan t r e e s many years 
younger than the age of the B - Plan c l e a r i n g s . Hence the t r e e s i n 
the upper shrub l a y e r have hot yet i n t e r f e r e d w i t h the B -Plan sub-
u n i t s and t h e r e f o r e have not been removed as they have i n quadrats 
55 and 56. These d i f f e r e n c e s are again shown i n the quadrat o r d i n a t i o n 
( F igure 4.5.). 
Group 2 c o n s i s t s of three quadrats, two of which are quadrats 
w i t h predominantly Quercus canopies, w i t h B - Plan u n i t s , quadrats 
40 and 54. They are also c l a s s i f i e d together i n the lower shrub l a y e r 
a n a l y s i s (Table 4.13.). Quercus i s the i n d i c a t o r f o r t h i s group which 
also i n c l u d e s quadrat 17, a Picea abies canopy w i t h much Quercus 
reg e n e r a t i o n i n the B - Plan sub-units. I n the DECORANA o r d i n a t i o n the 
three quadrats i n group 2 are s c a t t e r e d (Figure 4.5.). 
The t h i r d and f o u r t h groups (Table 4.15.) are mixtures of quadrats 
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^^^"^^ DECORANA s i t e o r d i n a t i o n of data from the phase I I I upper shrub layer survey showing 
groups and major canopy types TWINSPAN 
(Table 4.13.), the two L a r i x and Pinus canopies quadrats 15 and 23 
are c l a s s i f i e d t o g e t h e r . They are also o r d i n a t e d next t o each other 
i n Figure 4 . 5 . ( l a b e l l e d L a r i x and Pi n u s ) . The other quadrats i n the 
same group 3 appear near them i n the o r d i n a t i o n . The quadrats of 
group 4 (Table 4.15.) are wi d e l y spaced on the l e f t - h a n d side of the 
o r d i n a t i o n ( F i g u r e 4.5.). 
The f i f t h group 5 i s the Quercus canopied quadrats, 52 and 53. 
Like group 4 of the lower shrub l a y e r (Table 4.13.), the i n d i c a t o r 
f o r t h i s p a i r of quadrats i s n a t u r a l l y regenerated Pseudotsuga. Fagus 
s y l v a t i c a , which regenerates n a t u r a l l y under the Quercus canopy i s 
a stro n g p r e f e r e n t i a l f o r group 5. I n the o r d i n a t i o n (group 5; Figure 
4.5.), these two quadrats appear as a d i s t i n c t group i n the space 
l a b e l l e d Quercus.. Although quadrat 33 i s not grouped w i t h 52 and 
53 i n the TWINSPAH Table 4.15., i t i s c l a s s i f i e d near them and appears 
as a member of group 4 but p o s i t i o n e d near the Quercus space ( F i g u r e 
4.5.), 
4.5.6, The r e l a t i o n s h i p of the shrubs w i t h B - Plan management 
I n phase I I I t here are more i n d i v i d u a l s i n the lower shrub l a y e r 
than i n the upper l a y e r , 147 versus 72. More low growing shrubs escape 
management c u t t i n g than do the l a r g e r upper l a y e r shrubs, which i n t e r -
f e r e more f r e q u e n t l y w i t h B - Plan s u b - u n i t s . As i n r e g u l a r l y cut 
coppice, where the shrub l a y e r i s between 2.6 and 3.2m at the end 
of a 10 t o 12 year r o t a t i o n (Rackham, 1980a), the form and h e i g h t s 
i n the shrub l a y e r s are the r e s u l t of management. 
Quadrats w i t h B - Plan u n i t s tend t o be r i c h e r i n shrub'species 
and t o have higher t o t a l cover values f o r these species than those 
wi t h o u t B - Plan u n i t s (Tables 4,10. and 4.15.). Two species of s p e c i a l 
e c o l o g i c a l value are p a r t i c u l a r l y abundant i n quadrats w i t h B - Plan 
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u n i t s ( s e c t i o n 4.5.4.). The f i r s t i s Betula x spp., a s o i l - i m p r o v i n g 
species (Dimbleby and G i l l , 1955; M i l e s , 1981), (capable of s u p p o r t i n g 
229 i n s e c t species (Southwood, 1961).) The second i s Quercus x rosacea, 
capable of s u p p o r t i n g more i n s e c t species than any other n a t i v e B r i t i s h 
t r e e , 284 species (Southwood, 1961). 
Betula X spp. 
Betula i s present i n 12 of 17 quadrats i n the lower shrub l a y e r 
survey and nine of 15 quadrats i n the upper shrub l a y e r survey. I t 
i s absent i n both l a y e r s of the quadrats w i t h o u t B - Plan u n i t s (Tables 
4.13, and 4.15.) and p a r t i c u l a r l y abundant i n the lower shrub l a y e r 
i n quadrats w i t h B - Plan (Table 4.13.). 
Betula i s e s p e c i a l l y abundant throughout the lower shrub l a y e r s 
of the l i g h t Pinus canopied quadrats 4 and 9 (Table 4.10.). Unexpectedly, 
the darker Picea canopied quadrats 14 and 17, also have abundant Betula 
i n the lower shrub l a y e r s (Table 4,13.). However i n s t e a d of being 
d i s t r i b u t e d throughout the quadrat as i n quadrats 4 and 9, the Betula 
i n 14 and 17 i s concentrated, i n and around B - Plan s u b - u n i t s , 24 
of the 28 s m a l l , single-stemmed new i n d i v i d u a l s i n quadrat 14 are 
growing i n B - Plan sub-units and 18 of the 30 i n quadrat 17 are a l s o 
i n B - Plan s u b - u n i t s . 
The apparent a f f i n i t y Betula has f o r B - Plan sub-units i s explained 
by i t s r u d e r a l s t r a t e g y . I t s seeds are unable t o penetrate l e a f l i t t e r 
because i t s r a d i c l e i s s m a l l . Miles (1974) found t h a t i t needed at 
l e a s t 25cm^ of bare s o i l f o r establishment. Likewise i t s seedlings 
are light-demanding and shade i n t o l e r a n t (Harding, 1981), Hence B - Plan 
sub-unit c l e a r i n g s appear to s a t i s f y the requirements f o r Betula s e e d l i n g 
establishment by p r o v i d i n g bare s o i l and s u f f i c i e n t l i g h t . 
Quercus x rosacea 
Quercus i s present i n a l l the quadrats of the lower shrub l a y e r 
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survey (Table 4.13.) and i n 11 of the 15 i n the upper shrub l a y e r 
survey (Table 4.15.). I t i s a species i n t o l e r a n t of closed canopies 
(Newbold and Goldsmith, 1981). Hence i t i s p a r t i c u l a r l y abundant 
i n the lower shrub l a y e r of those quadrats w i t h B - Plan u n i t s c l a s s i f i e d 
i n the centre of the TWINSPAN Table 4.13. 
Likewise, i n the upper shrub l a y e r i t i s most abundant i n some 
of the same quadrats, 17,40,15 and 13 (Table 4.15.). I n quadrat 13 
f o r iexample, the i n d i v i d u a l s i n t h i s upper shrub l a y e r are i n the 
form of small coppice s t o o l s growing near the edges of the o l d e r B - Plan 
s u b - u n i t s . T h e i r small diameters and growth form suggest t h a t they 
were l a s t cut when these sub-units were e s t a b l i s h e d i n 1962. I n c o n t r a s t 
the s e e d l i n g Quercus i n the lower shrub l a y e r o f quadrat 13 i s growing 
i n the most r e c e n t l y e s t a b l i s h e d B - Plan s u b - u n i t s . 
The success of Quercus i n B - Plan sub-units can be explained 
by i t s c o m p e t i t i v e s t r a t e g y . I t does not regenerate w e l l under i t s 
own canopy. However i t can compete w e l l w i t h grasses and oth e r 
v e g e t a t i o n i n c l u d i n g Rubus agg. as the acorns have l a r g e reserves 
and a long t a p r o o t which enables i t t o reach the m i n e r a l s o i l thus 
a v o i d i n g c o m p e t i t i o n w i t h the shallower r o o t i n g herbs ( B r o t h e r t o n , 
1973; Newbold and Goldsmith, 1981). Likewise i t s shoot can also elongate 
to out-compete the lower growing herbs. Under a canopy t h i s e t i o l a t i o n 
i s a disadvantage because the t a l l shoot i s weaker and u n l i k e i n 
herbaceous v e g e t a t i o n , i t never reaches a higher l i g h t l e v e l . Con-
sequently Quercus i s i n t o l e r a n t of shade. Thus B - Plan sub-unit 
c l e a r i n g s appear t o provide s u f f i c i e n t l i g h t f o r seedling development, 
as w e l l as f o r c o n t i n u i n g growth of e s t a b l i s h e d i n d i v i d u a l s of Quercus 
i n the upper shrub l a y e r . 
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4.6. Trees and shrubs - a summary 
1) I n the canopy a n a l y s i s 10 t r e e groupings emerged i n the 
phase I t r e e survey of 50 randomly s i t e d quadrats (Table 
4.2.). These canopy types were confirmed and stud i e d i n 
more d e t a i l i n the phase I I t r e e survey of the 20 s e l e c t e d 
quadrats. 
2) The shrub l a y e r was s t u d i e d i n phase I I I by d i v i d i n g i t 
i n t o upper and lower, t h i s d i s t i n c t i o n being v.ery much 
r e l a t e d t o f o r e s t r y management p r a c t i c e . 
3) A d i s t i n c t r e l a t i o n s h i p between B - Plan management and 
the shrub l a y e r s emerged from the a n a l y s i s of the phase 
I I I shrub survey. I n a d d i t i o n t o a f f e c t i n g the height of 
the shrub l a y e r s , B - Plan management encourages g r e a t e r 
species d i v e r s i t y and abundance i n the shrub l a y e r s i n and 
around B - Plan u n i t s . Although shrubs are not u s e f u l f o r 
c h a r a c t e r i z i n g p l a n t communities because they are e a s i l y 
a f f e c t e d by management (Rackham, 1980a), i t i s the manage-
ment i n Tavistock Woodlands t h a t favours r e g e n e r a t i o n t o 
two e c o l o g i c a l l y important species i n the shrub l a y e r , 
Betula X spp. and Quercus x rosacea. 
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CHAPTER 5. THE GROUND FLORA 
CHAPTER 5. THE GROUND FLORA 
5.1. I n t r o d u c t i o n 
This chapter i s p r i m a r i l y concerned w i t h the f i r s t and major 
aim of the t h e s i s , which was t o examine the nature of the ground 
f l o r a i n e a r l y B - Plan u n i t s (stages I-V) and t o compare the 
f l o r i s t i c s under the Bradford Plan w i t h those under other f o r e s t 
management types. 
Disturbance and the ground f l o r a 
An i m p o r t a n t i d e a , which emerged d u r i n g the e a r l y surveys, 
was t h a t the herbaceous p l a n t s appear t c respond w e l l t o the d i s t u r -
bances created and caused by B - Plan management. The response 
of herbs appeared t o be more r a p i d than t h a t of the shrubs which 
o b v i o u s l y need more time t o e s t a b l i s h themselves. Support f o r t h i s 
idea comes from G i v i n i s h (1982: p. 367): 
"Herbs prosper ... i n d i s t u r b e d areas where the i n i t i a l l y 
lower costs of support s t r u c t u r e should give a s h o r t -
l i v e d advantage over woody p l a n t s t h a t u l t i m a t e l y w i l l 
overtop them," 
Succession i n time and space 
A second concept of considerable s i g n i f i c a n c e t o the ground 
f l o r a under B - Plan i s t h a t of succession i n the ground f l o r a through 
the e a r l y B - Plan stages. C l e a r l y , succession should occur i n 
time, w i t h i n each of the sub-units of a complete Bradford Plan u n i t . 
However, a very important p a r t of the plan i n e c o l o g i c a l terms i s 
th a t simultaneously, when the plan i s f u l l y implemented, succession 
i s a l s o represented i n space w i t h i n each B - Plan u n i t , w i t h each 
successive sub-unit at one p o i n t i n time r e p r e s e n t i n g the successional 
sequence i n six - y e a r i n t e r v a l s up t o 54 years ( F i g u r e 1,1.). 
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A f u r t h e r very c r i t i c a l aspect of B - Plan t h e r e f o r e , i s t h a t 
the o v e r a l l successional sequence which occurs under c l e a r - f e l l 
f o r e s t r y i s recreated w i t h i n i n d i v i d u a l B - Plan u n i t s i n both time 
and space. 
5.2. The ground f l o r a surveys 
The ground f l o r a was surveyed i n f o u r phases r e p r e s e n t i n g 
i n c r e a s i n g refinement of both methods and sampling. (Table 5.1.), 
The primary aim of f i r s t two surveys was t o complete a phytosocio-
l o g i c a l survey of the e a r l y stages of B - Plan, the r e s u l t s being 
an assessment o f those aspects o f the ground f l o r a which are 
conserved and encouraged. I n a d d i t i o n , chose e c o l o g i c a l v a r i a b l e s 
of i n t e r e s t f o r c o n s e r v a t i o n , c o v e r , d i v e r s i t y and r a r i t y were a l s o 
s t u d i e d . 
A secondary aim was t o q u a n t i f y environmental f a c t o r s , 
p a r t i c u l a r l y edaphic and l i g h t c o n d i t i o n s , and t o study how the 
present management system and the past h i s t o r y has a f f e c t e d the 
ground f l o r a . When the environmental c o n t r o l s are known, they can 
be separated from the e f f e c t s of management and h i s t o r y . 
This chapter i s a d e s c r i p t i o n of the ground f l o r a species 
and t h e i r a s s o c i a t i o n s under B - Plan management de r i v e d from the 
f i r s t two surveys and of how they r e l a t e t o past h i s t o r y and management 
5,2.1. Phase I - 1979 ground f l o r a survey 
I n the f i r s t survey, the 50 randomly l o c a t e d quadrats were 
sampled t w i c e i n and d u r i n g the growing season. The second v i s i t 
2 
wa s made to check on any l a t e species a r r i v a l s . The 10 Im sub-
quadrats (Figure 3.2.) i n each 400m^ quadrat were examined f o r 
species presence/absence. For a n a l y s i s by c l a s s i f i c a t i o n and 
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o r d i n a t i o n , the number of sub-quadrats i n which a species appeared 
w i t h i n each quadrat was t o t a l l e d . For example, a species present 
i n e i g h t sub-quadrats out of 10 had 8 or 80% as a measure of abundance 
Table 5.1. The ground f l o r a surveys 
Phase I -- 1979 - 2 50 quadrats - 10 x Im sub-quadrats per 
quadrat 
Phase I I -- 1981 - 2 20 quadrats - 8 t o 18* x ijm sub-quadrats 
per quadrat 
Phase I I I -- 1982 - 2 20 quadrats - 8 t o 18* x im sub-quadrats 
per quadrat - re-check i n August and 
September of the quadrats of phase I I 
d u r i n g the shrub survey 
Phase IV -- 1982 2 8 quadrats - 8 t o 18* x im sub-quadrats 
per quadrat - d e t a i l e d s t u d i e s of the 
ground f l o r a i n r e l a t i o n t o l i g h t 
(Chapter 6 ) . seed banks (Chapter 7) and 
phenology (Chapter 8 ) . 
* = a v a r i a b l e number of sub-quadrats per quadrat depending on 
the number of B - Plan sub-units 
DECORANA uses t h i s i n f o r m a t i o n d i r e c t l y . However, the TWINSPAN 
an a l y s i s r e q u i r e d the f o l l o w i n g pseudospecies cut l e v e l s . 
0 = ^10% 
1 = >10% and ^20% 
2 = >20% and ^ 30% 
3 = >30% and ^ 40% 
4 = >40% 
These cut l e v e l s were chosen i n order t o avoid the over-weighting 
of dominance as i s recommended i n the manual ( H i l l , 1979c). I n c l u s i o n 
of too many higher cut l e v e l s over-weights the e f f e c t of dominance. 
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The aim was t o i d e n t i f y p o s s i b l e species i n d i c a t o r s and not the 
dominant species which, w i t h abundance from B r i t i s h v e g e t a t i o n , 
o f t e n tend t o mask i n f o r m a t i o n on species d i v e r s i t y and composition 
(Bunce, 1982). 
"The importance of the i n d i c a t o r s i s emphasised by t h i s approach 
because of the hi g h degree of s i m i l a r i t y of the cover species 
i n very d i s s i m i l a r e c o l o g i c a l c o n d i t i o n s , a consequence of 
the l i m i t e d number of dominants i n ground v e g e t a t i o n i n B r i t i s h 
woodlands." (Bunce, 1982: p. 39) 
I n phases I I and I I I , the cut l e v e l s were closed t o the d e f a u l t 
ones suggested by H i l l (1979c) - 0,2,5,10, and 20% - because the 
data were c o l l e c t e d using a Domin scale which has f i v e l e v e l s of 
abundance between 0 and 20%. 
5.2.2. A d e s c r i p t i o n of the main ground f l o r a community types 
derived from TWINSPAN c l a s s i f i c a t i o n 
The TWINSPAN c l a s s i f i c a t i o n (Table 5.2.), d i v i d e s the 50 quadrats (Figure 
5.1.) i n t o f i v e main groups as f o l l o w s : 
Group 1 - quadrats: 40,50,35,36,A2,47 
Group 2 - quadrats: 26,43,27,32.33,37,34,38 
Group 3 - quadrats: 31,13,15,23.48.2,9,10,14,45.3,5,6,7, 
12,19.24,25.28,39,11,20,21,30,22 
Group 4 - quadrats: 17,1,4,18,46,8,16,29 
Group 5 - quadrats: 41,44.49 
Groups 1 and 2 , 
These are composed mainly of quadrats w i t h Quercus canopies. Nine 
out of the 14 i n these groups have e i t h e r Quercus alone or i n 
combination. A l l are i n areas t h a t have been c o n t i n u o u s l y coppiced 
or covered by a woodland canopy since the 1500's (Figures 1.5. and 
5.1.). 
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Figure 5.1. Location o f quadrats i n Blanchdown, Grenoven and H a n g i n q c l i f f Woods 
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The i n d i c a t o r s f o r these two groups are Corylus avellana and 
bare s o i l . The Corylus could w e l l be a remnant of the coppice l a y e r 
i n a coppice w i t h oak standards. Corylus has no str o n g n a t u r a l 
c o l o n i z i n g a b i l i t y and hence i s most l i k e l y a r e s u l t of past management 
(Peterken, 1974). The bare s o i l i s the r e s u l t o f more r a p i d l i t t e r 
decomposition r e l a t i v e t o t h a t of the c o n i f e r o u s l i t t e r (Packham 
and Harding, 1982). P r e f e r e n t i a l s f o r these two groups I n c l u d e 
Dicranoweisia c l r r a t a and Hypnum cupressiforme var. f i l i f o r m e , 
associated species found i n humid, shaded s i t u a t i o n s (Smith, 1978) 
as a f f o r d e d by the mature, closed Quercus canopies. 
Groups 1 and 2 are separated at a l a t e r d i v i s i o n (Table 5.2.). 
The Quercus quadrats i n group 1 are comprised of single-stemmed 
i n d i v i d u a l s and s e v e r a l w i t h a m i x t u r e o f o t h e r species i n the under-
s t o r e y . For example, quadrat 50 has a Quercus canopy t h a t i s s i n g l e -
stemmed w i t h an under-storey of Carplnus b e t u l u s , which i s i n a 
multi-stemmed coppice form. Carpinus may have been planted w i t h 
oak i n an attempt t o discourage epicormic growth on the Quercus 
(Dyer, pers. comm.). A l l quadrats but A7 i n group 1 have B - Plan 
u n i t s . The quadrats i n group 2 have both single-stemmed and m u l t i -
stemmed Quercus. U n l i k e the quadrats i n group 1, I l e x a q u i f o l i u m , 
an i n d i c a t o r , i s abundant i n the under-storey of group 2 quadrats. 
This species, which needs high l i g h t i n t e n s i t y t o regenerate (Harper, 
1977), most probably invaded quadrats 33 and 37 when the Quercus 
was l a s t coppiced and remains overtopped by the oak, because i t 
has a low compensation p o i n t . 
Quadrat 27, w i t h single-stemmed Quercus.and a mixture of other 
species, i n c l u d i n g L a r i x and Abies a l b a , has I l e x i n i t s under-storey 
probably because the patchwork of species of v a r i e d growth r a t e s 
has provided l i g h t and time f o r I l e x t o regenerate. Quadrat 32, 
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w i t h planted Fagus and Quercus w i t h s i n g l e stems, also has I l e x 
a t y p i c a l associate of t h i s canopy on a c i d s o i l s (Brooks, 1980). 
Quadrats 27 and 26 are the only quadrats i n group 2 w i t h B - Plan. 
Hypnum cupressiforme var. e r i c e t o r u m i s the other i n d i c a t o r f o r 
group 2. 
The i n d i c a t o r f o r group 1 i s Athyrium f i l i x - f e m i n a and the 
p r e f e r e n t i a l s f o r group 1 i n c l u d e Mnium hornum, D r y o p t e r i s d i l i t a t a . 
Anemone nemorosa, Ulota c r i s p a and Holcus m o l l i s , a l l i n d i c a t o r s 
of the damp, shaded c o n d i t i o n s expected under the single-stemmed 
closed Quercus canopies (Smith, 1978; Rackham, 1980a; Sis s i n g h , 
1982), Mnium hornum, which i s unable t o emerge through l i t t e r 
(Packham and Harding, 1982) and the amount of bare s o i l , suggests 
t h a t the l i t t e r turnover r a t e i s quicker than under the c o n i f e r o u s 
canopies. The p r e f e r e n t i a l s f o r group 2 i n c l u d e Melampyrum pratense, 
Teucrium scorodonia and Carex p i l u l i f e r a . Melampyrum and Teucrium 
are l i g h t demanding ( S i s s i n g h , 1982). Both are coppice ground f l o r a 
species which d i e out as the canopy closes (Packham and Harding, 
1982). The Carex i s a p l a n t of woodland margins (Tansley, 1939), 
suggesting i t . too i s a light-demanding species. These species 
suggest t h a t t h i s set of group 2 quadrats are l i g h t e r than group 
1, as would be expected of olc^ former coppice stands. 
Groups 3 and 4 
Group 3 I s a l a r g e group c o n s i s t i n g o f quadrats t h a t have 
been c o n t i n u o u s l y wooded or e i t h e r heath or farmland i n the past. 
The canopies c o n s i s t i n the main, of c o n i f e r o u s species. This group 
i s a t r a n s i t i o n group between the Quercus groups 1 and 2 and group 
4, which was p r e v i o u s l y e i t h e r heath or farmland on the upper p l a t e a u 
( F i g u r e s 1.5. and 5.1.). Groups 3 and 4 are separated from groups 
1 and 2 by the group 3 and 4 i n d i c a t o r s , A g r o s t i s c a p i l l a r i s , 
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Calluna v u l g a r i s , Lophocolea spp., and Hypnum cupressiforme var. 
er i c e t o r u m . The A g r o s t i s i s the r e s u l t of previous p a s t u r i n g under 
the Quercus canopy (Tansley, 1968), the past coppice cycle or most 
probably a remnant of the heath or farmland t h a t was a f f o r e s t e d 
(Figures 1.5, and 5.1,). A g r o s t i s i s not present i n seven of the 
16 quadrats i n groups 3 and 4 which have always been covered by 
a canopy, but i s present i n a l l but three of the 18 heath or farmland 
quadrats. The A g r o s t i s may not s u r v i v e as seed through a 50 year 
c o n i f e r r o t a t i o n ( H i l l and Stevens, 1981), but i n the quadrats 
of groups 3 and 4, i t t h r i v e s under the l i g h t canopies of L a r i x 
and/or Pinus, as w e l l as i n B - Plan u n i t s , Calluna i s , of course, 
a heathland species and as such i s found i n a l l the heathy quadrats 
of group 4, but i t i s also a c h a r a c t e r i s t i c c o p p i c i n g p l a n t of oak 
woods (Rackham, 1980a). I t i s k i l l e d by shade but remains i n the 
seed bank (Rackham, 1980a). Hence i t i s not found i n the Quercus 
groups 1 and 2. Calluna i s however found i n f i v e quadrats out of 
a t o t a l of 16 covered by a canopy i n group 3 and as such may be 
a product of c l e a r - f e l l i n g and r e p l a n t i n g w i t h a c o n i f e r o u s canopy 
or opening up of the canopy by B - Plan. Hypnum i s associated i n 
upland woods and heaths w i t h Calluna (Watson, 1968) and although 
present throughout the Ta v i s t o c k Woodlands, i s p a r t i c u l a r l y abundant 
i n the former heathland area. 
Group 3 i s separated from group 4 i n a l a t e r d i v i s i o n of 
TWINSPAN (Table 5.2.). P t e r i d i u m a q u i l i n u m i s the i n d i c a t o r f o r 
group 3. P t e r i d i u m was o r i g i n a l l y a woodland species (Tansley, 
1939). Hence of the seven quadrats w i t h o u t P t e r i d i u m i n group 3, 
two are on former heathland and two have Pseudotsuga canopies, which 
may have supressed the P t e r i d i u m p r i o r t o 1960. I t s u r v i v e s the 
t h i c k e t stage of a dark canopy l i k e Picea s i t c h e n s i s , but dies out 
l a t e r ( H i l l , 1979a). Athyrium f i l i x - f e m i n a , D r y o p t e r i s d i l i t a t a , 
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Carex p l l u l i f e r a . I l e x aquifollum, Sorbus aucuparia, Vaccinium m y r t i l l u s 
and n a t u r a l l y regenerated Pseudotsuga m e n z i e s i i are a l l p r e f e r e n t i a l s 
f o r group 3. 
Group 4 c o n s i s t s of quadrats which are found only i n areas 
t h a t were f o r m e r l y heath or farmland (Figures 1.5. and 5.1.). Calluna 
v u l g a r i s and Betula spp. are i n d i c a t o r s f o r t h i s group s e p a r a t i n g 
i t from group 3. Other heathland species i n c l u d i n g M o l i n i a caerulea, 
A g r o s t i s c a p i l l a r i s and Frangula alnus are the p r e f e r e n t i a l s f o r 
t h i s group, M o l i n i a and Calluna are Bunce's (1982) i n d i c a t o r s f o r 
peaty, podzolic s o i l s e i t h e r i n the open or i n woodland. Frangula 
alnus i s one of the few shrubs found on podzolized s o i l s i n heathy 
oakwoods (Tansley, 1968) and w i t h Molini'.a i n d i c a t e s s o i l moisture 
(Rackham, 1980a; Genssler, 1982). The canopies i n group 4 are l i g h t . 
Six of the e i g h t quadrats have e i t h e r Pinus or L a r i x canopies. 
Quadrat 17 w i t h a Picea abies canopy has some Pinus t r e e s as w e l l 
as a w e l l developed B - Plan u n i t . Quadrat 8 has a dark canopy 
of Picea abies and P. s l t c h e n s i s but has an opening i n t h i s created 
by a B - Plan u n i t . 
Group 5 
Group 5 i s an unusual group of t h r e e quadrats, which i s separated 
from the r e s t of the 50 quadrats i n the f i r s t d i v i s i o n (Table 5.2.). 
Quadrat 41 i s a new p l a n t a t i o n on a s i t e t h a t , which from h i s t o r i c a l 
records, appears t o have always been wooded (Hamilton, pers. comm.). 
Quadrat 44 i s a Pseudotsuga p l a n t a t i o n w i t h a B - Plan u n i t on what 
was f o r m e r l y heath or farmland i n 1750 but was recorded as p l a n t a t i o n 
i n 1835 ( F i g u r e s 1.5. and 5,1.). Quadrat 49 now has a L a r i x canopy 
w i t h some Pseudotsuga w i t h B - Plan and i s l o c a t e d i n what i s c a l l e d 
Scrutator P l a n t a t i o n , suggesting t h a t t h i s was an unwooded s i t e which 
was a f f o r e s t e d probably i n the 1800's, when many such s i t e s were 
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planted (Rackham, 1976). The i n d i c a t o r s f o r t h i s group are D i g i t a l i s 
purpurea, Holcus l a n a t u s , and Blechnum s p i c a n t , Chamerion a n g u s t i -
f o l i u m , O x a l i s a c e t o s e l l a , D r y o p t e r i s d i l a t a t a and V i o l a r i v i n i a n a 
are among the p r e f e r e n t i a l s f o r t h i s group. D i g i t a l i s , D r y o p t e r i s , 
Oxalis and Blechnum are Bunce's i n d i c a t o r s f o r a c i d brown earths e i t h e r 
on wooded or open s i t e s . Holcus lanatus i s u b i q u i t o u s on good s o i l s 
(Tansley, 1968). D i g i t a l i s marks areas of enhanced f e r t i l i t y on 
a c i d s o i l s where phosphate i s not p e r s i s t e n t (Rackham, 1980a). 
O x a l i s , which avoids very a c i d s o i l s (Tansley, 1939), shows a preference 
f o r b a s e - r i c h s o i l s , such as slopes whose a c i d i c s o i l may be m o d i f i e d 
by r u n - o f f ( P i g o t t , pers. comm.). Sambucus n i g e r i s i n the shrub 
l a y e r of quadrat 44 - another i n d i c a t o r of phosphate (Tansley, 1968; 
Harper, 1977; Rackham, 1980a). These species suggest t h a t the s o i l 
under these three unusual quadrats may have increased f e r t i l i t y 
i n common. A l l three border on farmland and quadrat 44 c e r t a i n l y 
may have been farmland i n the 1700's and e a r l y 1800's. (Figures 
1.5. and 5.1.) The increased f e r t i l i t y could be the r e s u l t of l i m i n g , 
a p r a c t i c e p r e v a l e n t on the a c i d s o i l s i n t h i s area. 
5.2.3. The species o r d i n a t i o n 
The general t r e n d i n the DECORANA species o r d i n a t i o n ( F i g u r e 
5.2.) from the bottom t o the top i s from shady, damp-loving woodland 
species to light-demanding heath species. A l i n e has been drawn 
on the o r d i n a t i o n which roughly separates these two v e g e t a t i o n types 
(Figure 5.2.), 
The i n d i c a t o r s f o r TWINSPAN groups 1 and 2, which separate 
them from groups 3 and 4, Corylus avellana and bare s o i l , f a l l below 
t h i s l i n e (Table 5.2.). Likewise the i n d i c a t o r s f o r group 2 
sep a r a t i n g i t from group 1, I l e x a q u i f o l i u m and Hypnum cupressiforme 
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A x i s II 
I • • 2 
• Hofcus lanetus 
Chamcrionangusiifolium • • juncus otfusus 
Digitalis purpurea * 3 * * Deschampsia nexuosa 
• Vcror}icQ o f f i c i n a l i s 
OxBiis aceiosoi/0 • • Carox piluhfera 
Tcucrium scorodonio • ^ . • , Luiula pilosa 
6 . .5 
BiQchnum sp/cani , 
UlGx gain 
Galium saxotifQ • • Sohdago virgaurca 
Phyrjchostegium confertum • Eurhychium practongum 
Oicrar)cfla hoteromo/fa •Pfeurotium schrebcri* Sofbus aucupana 
Molinca coerulea • • Salix cincreo' • Lophocolea spp. 
Loniccra pcriclymenum • • Brash and fogs Beiula spp 
Pscudotsuga memiesii * '^^ c^/n/um myruUus 
~_ _ Q* * • CaHuna vulgaris 
Aihyrium f i l i x - tcmina "^"^ — F c s t u c a ruPra 
• H. cupressiforme var. cn'ceiorum 
• Ouercus x spp 
9 • * Picoositchensis 
Ho/cus m o f / i s * • J O 
Dicranium scoparium • • Dipfophyf/um albicans 
Rhododendron ponticum ' * "x/ * * Ouercus cor/is 
Corylus evellana • * • W. cupressiformo var. rosup'nafum 
U / o i a cnspa • Polytrichum commune 
Bare soil ^ R o c k s / s i o n e s 
• Acer pseudoplatanus 
i u i u l a sylvoiica ^ • H. cupressiforme var. i i l i f o r m o 
Drvopieris f i / i x - m a s • 
Ptondium apui/inum 
• Brachythecium vofunnum 
• Rotting stumps 
Dacty/is glomcrata Dicranoweisia cirrata 
Crataegus monogyna • • Anemono nemorosa 
• Carpinus botulus 
KEY: 
Poinrs kvi//i more than one speaos 
Agrosiis gigantea. Potcnuflg cfocta. 
RhytidiBdofphus triQuotrus. Rumcx 
crispuS. ^lOla riviniano. 
Plagiothoctum donticulatum. Pnjnus 
avium. Rhytidiodolphus SQuarrosus. 
EpHobium rosoum. Thuidlum 
tamanscinum. 




Atrichum undulatum. Cafypogoia 
muclicfona. Dcschmipsia cacpitosa. 
Polytrichum auranttacum. 
Agrosus capil/ans. Po/ytn'chum 
formosum. 
BlindiB acuta. Fostuca tonuifolio. 
Castanea saliva. Frangula atnus. 
Pinus sytvostris. Poa annua. 
Fagus sylvatica. viburnum opufus. 
H, cuprcssiformo vor. cuprcssiforme. 
Ilex QQuifotium. fsoptorygium 
otogans. Mm'um homum. 
Lejeunea cavifoha. Poa nemaralis. 









A x i s I 
F i g u r e 5.2. DECORANA s p e c i e s o r d i n a t i o n o f d a t a from t h e 50 q u a d r a t s i n the f i r s t s u r v e y - phase I 
var. e r i c e t o r u m are p o s i t i o n e d below the l i n e . 
Five of the i n d i c a t o r s and p r e f e r e n t i a l s f o r group 1, Athyrium 
f i l i x - f e m i n a , Mnium hornum, Anemone nemorosa, Ulota c r i s p a , Holcus 
m o l l i s are below the l i n e grouped toward the l e f t s i d e . The s i x t h 
preference, D r y o p t e r i s d i l i t a t a , i s p o s i t i o n e d above the l i n e w i t h 
the heath species because i t also shows a preference f o r the humid 
atmosphere under Pseudotsuga canopies as w e l l as t h a t under the 
o l d Quercus stands, i n groups 1 and 2. 
The p r e f e r e n t i a l s s e p a r a t i n g group 2 from group 1 i n c l u d e 
Melampyrum pratense, which a l s o f a l l s below the l i n e . However, 
two other p r e f e r e n t i a l s f o r group 2, Teucrium scorodonia and Carex 
p i l u l i f e r a , both w i t h preferences f o r l i g h t e r h a b i t a t s , are p o s i t i o n e d 
w i t h the upper group above the l i n e . Teucrium i s a coppice p l a n t 
which i s abundant two t o f i v e years a f t e r f e l l i n g but absent l a t e r 
on (Packham and Harding, 1982), w h i l e Carex i s a p l a n t of woodland 
margins (Tansley, 1939) associated w i t h a member of the coppice 
community, Solldago v i r g a u r e a (Rackham, 1980a). 
The i n d i c a t o r s f o r groups 3 and 4, se p a r a t i n g them from groups 
1 and 2 are A g r o s t i s c a p i l l a r i s , Calluna v u l g a r i s , Lophocolea spp. 
and Hypnum cupressiforme v a r . e r i c e t o r u m . The f i r s t t hree are 
p o s i t i o n e d above the l i n e w h i l e Hypnum i s Just below the l i n e . 
Although i t s growth i s more l u x u r i o m t i n the heathy quadrats, i t 
i s i n n e a r l y a l l the quadrats. 
P t e r i d i u m a q u i l i n u m , on the f a r r i g h t of the o r d i n a t i o n ( F i g u r e 
5.2.), i s the i n d i c a t o r f o r group 3, the t r a n s i t i o n group of quadrats 
s i t e d on former heathland as w e l l as on c o n t i n u o u s l y wooded s i t e s . 
Sorbus aucuparia and Vaccinium m y r t i l l u s are two p r e f e r e n t i a l s f o r 
group 3 also on the r i g h t - h a n d side of the top group. Sorbus i s 
c h a r a c t e r i s t i c of oakwood under-storeys (Rackham, 1980a). Many 
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of the quadrats i n group 3 are on former oakwood s i t e s . Vaccinium 
i s c h a r a c t e r i s t i c of heathy oakwoods on podzolic s o i l s (Tansley, 
1968). The r e s t of the p r e f e r e n t i a l s f o r group 3 are mixed i n w i t h 
those f o r groups 4 and 5 due t o the mixture of quadrats of d i f f e r e n t 
o r i g i n s i n group 3. 
Calluna v u l g a r i s , an i n d i c a t o r f o r group 4 the s t r i c t l y heath 
s i t e d group o f quadrats, i s p o s i t i o n e d close t o M o l l n i a c a e r u l e a , 
a p r e f e r e n t i a l f o r t h i s group. These species are i n d i c a t o r s of 
peaty, podzolic s o i l (Bunce, 1982). Frangula alnus, another p r e f e r e n -
t i a l f o r group 4 i s o r d i n a t e d below the d i v i d i n g l i n e because i t 
a l s o favours damp woods as w e l l as the heathy oakwoods (Rackham, 
1980a). As expected, the p o s i t i o n of the p r e f e r e n t i a l s show less 
f i d e l i t y t o the two v e g e t a t i o n types above and below the l i n e because 
they have a less s t r o n g a f f i n i t y f o r a group than do i n d i c a t o r s 
( H i l l , 1979c). 
The species i n d i c a t o r s f o r the unusual group 5, which separate 
i t from a l l the other groups, are D i g i t a l i s purpurea, Holcus l a n a t u s 
and Blechnum s p i c a n t • These, w i t h some of the p r e f e r e n t i a l s such 
as Chamerion a n g u s t l f o l i u m , O x a l i s a c e t o s e l l a , D r y o p t e r i s d i l l t a t a 
and V i o l a r i v i n i a n a , are a l l at the top of the o r d i n a t i o n ( F i g u r e 
5,2.) showing group 5 as a d i s t i n c t l y d i f f e r e n t a s s o c i a t i o n of 
quadrats. 
Plants c h a r a c t e r i s t i c o f the oak coppice community, Anthoxanthum 
odoratum, Rumex a c e t o s e l l a , D i g i t a l i s purpurea, Calluna v u l g a r i s , 
Galium s a x a t i l e , Solidago v i r g a u r e a , Luzula pilosa.. and V i o l a r i v i n i a n a 
are p o s i t i o n e d above the l i n e , w i t h the more l i g h t demanding species 
(Rackham, 1980a). They tend t o be found where the canopy i s l i g h t e r 
due e i t h e r t o the canopy species Pinus and/or L a r i x or due t o c l e a r i n g s 
f o r B - Plan. 
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N a t u r a l l y regenerated Pseudotsuga i s also i n the top grouping 
because being a pioneer species, i t favours a l i g h t e r environment 
(Hosie, 1969). 
Quercus x rosacea i s i n the bottom v e g e t a t i o n type grouping, 
but p o s i t i o n e d near the d i v i d i n g l i n e , as i t does not regenerate 
w e l l under i t s own canopy ( B r o t h e r t o n , 1973) and because i t also 
favours the areas c l e a r e d f o r B - Plan. 
Viburnum opulus and Frangula alnus, shrubs of damp woods, 
(Rackham, 1980a) are al s o found i n the bottom group. Fagus s y l v a t i c a , 
which regenerates b e t t e r under the p r o t e c t i o n of a canopy, i s i n 
the bottom group as w e l l (Newbold and Goldsmith, 1981). 
Although the system of primary woodland i n d i c a t o r s used i n 
Eastern England breaks down i n the oceanic c l i m a t e of the Southwest 
(Peterken, 1974), i t i s i n t e r e s t i n g t o note t h a t s e v e r a l primary . 
woodland i n d i c a t o r s . Anemone nemorosa, Luzula s y l v a t i c a and 
Melampyrum pratense are o r d i n a t e d below the l i n e , w i t h the Quercus 
woodland species corresponding t o groups 1 and 2 (Table 5.2.), the 
con t i n u o u s l y wooded, Quercus-canopied quadrats. 
5.2.4. The quadrat o r d i n a t i o n 
The d i v i s i o n between the two main v e g e t a t i o n types which c o n t r i -
bute t o the present-day ground f l o r a , heath and oak woodland, which 
was c l e a r l y d e f i n e d by both TWINSPAN and the DECORANA species 
o r d i n a t i o n i s s t i l l present i n the s i t e o r d i n a t i o n s ( F igure 5.3.). 
The heath quadrats have been c i r c l e d . Quadrat 19 was omitted from 
the o r d i n a t i o n because i t caused severe d i s t o r t i o n i n the f i r s t 
a n a l y s i s . The quadrats i n TWINSPAN groups 1 and 2 (Table 5.2.) are 
p o s i t i o n e d i n the bottom h a l f of the o r d i n a t i o n ( F igure 5,3,). 
Those quadrats s t r i c t l y on former heathland (group 4 ) , are i n the 
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1 and 2 — Quercus conopv on 
comlnuousiv wooded sites 
3 — Wi-ed canopy ivoes on euher 
fofmef hcaih or coniinuousty 
wooded siies 
A — ConHcious canooics. 
DfOdominonitv Pinus on 
fO(mQf hcaih sites 
5 — Mined CanODV ivoos on 
former orobio lioids 
Noic — Quadrats on formof 
hcaih sites are cifdca 
F i g u r e 5.3. DECORANA s i t e o r d i n a t i o n o f d a t a f r a n t h e 50 q u a d r a t s i n t h e f i r s t s u r v e y 
TWINSPAN g r o u p s and major canopy t y p e s 
phase I showing 
upper l e f t - h a n d corner, w h i l e those quadrats c o n t a i n i n g components 
of both communities (group 3 ) , are i n the middle, as would be a n t i c i -
pated, the major canopy types are also d i s t i n g u i s h a b l e on the o r d i n a -
t i o n . 
5.2.5. Discussion of the r e s u l t s of phase I and the s e l e c t i o n of 
quadrats f o r phases I I and I I I 
A f f o r e s t e d heathland does not lose i t s heath species (Rackham, 
1976). 
"... the present always depends upon the past, and the 
community of today i s , at l e a s t i n p a r t , the consequence 
of the community of yesterday." ( S a l i s b u r y i n S h e a i l , 
1982: p. 139) 
This holds t r u e f o r the heath i n Blanchdown and i t s a d j o i n i n g woods. 
However, there appears t o be a change i n the ground f l o r a when c o n i f e r o u s 
canopies and B - Plan u n i t s replace Quercus canopies on c o n t i n u o u s l y 
wooded s i t e s . Group 3, the t r a n s i t i o n group between the c o n t i n u o u s l y 
wooded, Quercus-canopied s i t e s - groups 1 and 2 and the a f f o r e s t e d 
heathland w i t h c o n i f e r o u s canopies - group 4, i l l u s t r a t e s t h i s change. 
The I n d i c a t o r s and p r e f e r e n t i a l s f o r group 3 are i n t e r m i x e d w i t h 
those of group 4 (Figure 5.2, - above the d i v i d i n g l i n e ) and not 
w i t h those of groups 1 and 2, These species are a mixture of some 
woodland species l i k e P t e r i d i u m and Sorbus, heath species and coppice 
species. 
The coppice species appear t o be the r e s u l t of the l i g h t e r 
canopies of Pinus and/or L a r i x , as w e l l as the c l e a r i n g f o r B - Plan. 
This e f f e c t i s s i m i l a r t o coppice c l e a r i n g . The woodland species 
are those l i k e P t e r i d i u m and Sorbus which can t o l e r a t e the increased 
l i g h t i n t e n s i t i e s . The r e l a t i o n s h i p between these two groups of 
species was described by S a l i s b u r y i n 1923 and Sheail (1982). 
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"... how c o p p i c i n g a f f e c t e d the *ebb and f l o w ' of the two 
main components of a wood, namely the 'shade f l o r a ' and the 
'marginal f l o r a * ( S a l i s b u r y , 1923). The r e l a t i v e l y frequent 
and c a r e f u l l y r e g u l a t e d r e g e n e r a t i o n of the shrub l a y e r under 
a c o p p i c i n g regime h i g h l i g h t e d i n a p a r t i c u l a r l y s t r i k i n g 
manner the dynamic i n t e r - r e l a t i o n s h i p s t h a t e x i s t between 
the components of a p l a n t community." ( S h e a i l , 1982: p.138) 
There i s no change i n the average number of species per quadrat 
from groups 1 and 2 through group 3 t o group 4, the averages being: 
Groups 1 and 2 - - 18.47 
Group 3 - c o n t i n u o u s l y wooded quadrats o n l y - 17.94 
- quadrats on former heathland o n l y - 18.25 
I - both of the above togeth e r - 18.04 
Group 4 - - 16.63 
However, there i s a s h i f t i n species type as w e l l as species abundance 
The shade l o v i n g species of groups 1 and 2 (Figure 5.2. - below the 
d i v i d i n g l i n e ) become less abundant i n favour of more light-demanding 
or t o l e r a n t species i n those quadrats i n group 3 which have had 
a continuous canopy f o r the past three hundred or more years (Figures 
1.5. and 5.1.). I n a d d i t i o n , there appears t o be some tendency 
f o r i n d i c a t o r s of bro\«i podzolic and peaty podzolic s o i l s (Bunce, 
1982), as w e l l as a more s t r i c t l y heath species Ulex g a l l i i t o 
c o l o n i z e these c o n t i n u o u s l y canopied areas which have l o s t t h e i r 
Quercus canopies i n favour of c o n i f e r s and B - Plan, This also 
could seem t r u e f o r the two bryophyte species. Those more i n d i c a t i v e 
of open heathy places being more abundant i n the r e l e v a n t quadrats 
of group 3 (Watson, 1968), 
This apparent v e g e t a t i o n s h i f t may be due t o a s o i l change 
which i s the i n d i r e c t r e s u l t of r e p l a c i n g a deciduous oak canopy 
w i t h a c o n i f e r o u s one. Although on a c i d s o i l s such as i n T a v i s t o c k 
Woodlands (Hogan, 1977) podzolic s o i l s can form under Quercus and 
Fagus the r a t e of change i s slower than w i t h c o n i f e r o u s species 
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(Rackham, 1980a; Packham and Harding, 1982), Spruce and p i n e , i n 
p a r t i c u l a r , a c i d i f y s o i l and a c c e l e r a t e p o d z o l i z a t i o n ( M i l e s , 1981). 
Pseudotsuga has l e s s e f f e c t (Peterken, 1981). I n a d d i t i o n , the 
s o i l under coppice c y c l e s and presumably under B - Plan, i s warmer 
e a r l i e r i n the season. Hence the organic matter decays f a s t e r r e l e a s i n g 
mineral n u t r i e n t s and n i t r a t e s and s l i g h t l y a c i d i f y i n g the surface 
(Peterken, 1981). 
Quadrats f o r phases I I and I I I 
Fourteen quadrats from the o r i g i n a l were s e l e c t e d f o r f u r t h e r 
more i n t e n s i v e study. The emphasis was now on quadrats w i t h w e l l -
developed B - Plan u n i t s u n d e r a v a r i e t y of canopies and n o t , as 
i n phase I , on a random sample t o gather i n f o r m a t i o n about the range 
of canopy types and the r e s u l t a n t ground f l o r a . Table 5.3, shows 
the quadrats chosen f o r phases I I and I I I . 
I n a d d i t i o n t o meeting the above requirements, the quadrats 
were r e p r e s e n t a t i v e o f the range o f canopy v e g e t a t i o n types. Those 
from the 50 quadrats i n phase I are spread over the TWINSPAN t a b l e , 
as w e l l as throughout the DECORANA o r d i n a t i o n s (Table 5,2.; Figure 
5.3.), Where p o s s i b l e , r e p l i c a t e s of a p a r t i c u l a r canopy type were 
chosen w i t h the emphasis on the major canopy types (Table 5.3.). 
Although quadrats on former heath are l e s s numerous than those on 
continuous canopies s i t e s (19 versus 31), where p o s s i b l e , they were 
selected t o provide a c o n t r a s t t o the same canopy on a c o n t i n u o u s l y 
canopies s i t e i . e . 4 w i t h 9, and 44 w i t h 55 and 56, The group of 
quadrats w i t h o u t B - Plan and s t i l l covered w i t h a Quercus canopy 
were chosen i n c o n t r a s t t o the other s i t e s w i t h B - Plan. Six new 
quadrats, numbered 51-56, were a l s o added t o the 14, t o g i v e a f i n a l 
t o t a l of 20. These were necessary t o : 
1) Avoid quadrats from the phase I group w i t h unusual 
f e a t u r e s such as r e l i c mining work - quadrats 52 and 53 
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Table 5.3. The 20 quadrats chosen f o r phases I I and I I I 
Canopy type Quadrat H i s t o r y Canopy age B - Pl a n s u b - u n i t s - year planted - sta g e s 
I I I I I I IV V 
Major types 
Plnus spp. A heath 1952 1976 1976 
9 1952 1973 1980 1980 
29 heath 1952 1980 
Quercus 33 c .w. + 1916 None 
52 c. w. 1916 None 
53 c .w. 1916 None 
Quercus w i t h 40* c .w. 1900 1961 
B - Pl a n 54 c .w. 1940 1961 1967 1973 1973 
Pseudotsuga 44 heath 1942 1964 1969 1974 1981 
55 c .w. 1950 1961 1967 1973 1980 
56 c .w. 1941 1961 1967 1973 1980 
L a r i x spp. 13 c .w. 1945 1962 1968 1973 1980 1980 
wit h or without 15 c .w. 1942 1961 1967 1974 1979 
Pinus spp. 23 c .w. 1921 1961 1967 1973 1980 
Minor types 
P i c e a a b l e s or 14 heath 1951 1973 1980 1980 
P. s i t c h e n s i s 17 heath 1942 1962 1968 1974 1980 1980 
Fagus and 51 heath 1930 1962 
L a r i x spp. 
Mixed 32 c .w. c l e a r e d i n 1981 
p l a n t a t i o n s 38 c .w. c l e a r e d i n 1975 
19 c .w. c l e a r e d i n 1968 
c .w. c o n t i n u o u s l y wooded 
* Quadrat 40 has one L a r i x spp. 
2) i n c r e a s e the sampling of B - P l a n u n i t s - quadrats 54, 
55 and 56. 
3) i n c r e a s e the sampling of major canopy types - quadrats 
52,53,54,55 and 56. 
4) sample unusual canopies - quadrat 51, 
Quadrat 32, w i t h a Quercus and Fagus canopy, was f e l l e d i n 1981 
and hence was added to the mixed p l a n t a t i o n group making a good 
sample of d i f f e r e n t aged p l a n t a t i o n s ( T a b l e 5 . 3 . ) . 
5.3. Phase I I - 1981 ground f l o r a survey 
The aims of t h i s more d e t a i l e d survey were: 
1) To examine to f l o r i s t i c composition of the e a r l y s t a g e s 
of B - P l a n ; to compare s p e c i e s composition w i t h non-
B - P l a n s i t e s and to look f o r s i m i l a r i t i e s and 
d i f f e r e n c e s between f l o r i s t i c s under B - P l a n and 
c l e a r - f e l l systems. 
2) To study s p e c i e s change through the e a r l y s t a g e s of 
B - P l a n i n both time and space. 
5.3.1, F i e l d survey 
The sub-quadrats were s i t e d as i n F i g u r e 3,4a,b, w i t h the 
emphasis i n sampling the B - P l a n s u b - u n i t s to determine those a s p e c t s 
of the ground f l o r a conserved by t h i s type of management. Where 
s u b - u n i t s were a d j o i n i n g and of the same age w i t h the same p l a n t e d 
c o n i f e r s p e c i e s , o n l y two sub-quadrats were s i t e d as i n quadrats 9, 
s t a g e s I I and I I I ; 44, s t a g e s I and I I , I I I and IV; 23. s t a g e s I 
and I I ; and 54, s t a g e s I I and I V . These double s u b - u n i t s were the 
r e s u l t o f : 
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1) a l o s s of the o r i g i n a l t r e e s i n one s u b - u n i t caused by 
r a b b i t damage as i n quadrats and 23. Hence, when the 
next s u b - u n i t was c l e a r e d and p l a n t e d s i x y e a r s l a t e r , 
new t r e e s were a l s o p l a n t e d i n the p r e v i o u s s u b - u n i t . 
2) the l a c k of adequate l i g h t under some canopies and on 
some s i t e s f o r the t r e e s of the f i r s t few s u b - u n i t s I n 
s t a g e s I to IV, Under these c o n d i t i o n s , i t has been e s t a t e 
p r a c t i c e to c l e a r and p l a n t two s u b - u n i t s a t the same time, 
f o r example i n quadrat 54, s t a g e s I I and IV, 
Quadrat 40 had only one sub-quadrat because t h e r e were o n l y 
two Thuja t r e e s l e f t i n t h i s stage .1 sub-unit. Hence the sub-quadrat 
was s i t e d between them. Rabbit damage and the use of t h i s deciduous 
wood f o r pheasant r e a r i n g r e s u l t e d i n no f u r t h e r B - P l a n p l a n t i n g . 
The r e d u c t i o n of sampling s i t e s by the s e l e c t i o n of the 20 
special.', q u adrats r e s u l t e d i n a r e d u c t i o n of the v a r i e t y of h a b i t a t s 
and hence a r e d u c t i o n of the t o t a l number of s p e c i e s from 1979 to 
1981 ( T a b l e 5.A.). I n 1979 96 s p e c i e s ( b r y o p h y t e s , f e r n s , h e r b s , 
g r a s s e s , and s h r u b s ) were found i n 50 x400m^ quadrats u s i n g 500 
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sub-quadrats, w h i l e i n 1981 68 s p e c i e s were i d e n t i f i e d i n 20 x400m 
quadrats u s i n g 244 sub-quadrats. Table 5.4. shows a l l the s p e c i e s 
i n phases I - I V . 
5.3.2. A d e s c r i p t i o n of the main ground f l o r a community types i n 
phase I I d e r i v e d from TUINSPAN c l a s s i f i c a t i o n 
The TWINSPAN c l a s s i f i c a t i o n ( T a b l e 5,5.) d i v i d e s the 244 sub-
quadrats i n t o seven major groups ( T a b l e 5 , 6 . ) . The TWINSPAN t a b l e 
( T a b l e 5,5,) shows t h a t one s p e c i e s , Rubus f r u t i c o s u s , i s almost 
u n i v e r s a l l y d i s t r i b u t e d w i t h i n the T a v i s t o c k Woodlands. Other s p e c i e s 
w i t h widespread d i s t r i b u t i o n are Hedera h e l i x and L o n i c e r a 
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Table 5.4, Ground f l o r a s p e c i e s recorded I n phases 1,11.111 and IV 
Phase I Phase I I Phase I I I Phase IV 





Mosses ( a f t e r Smith, 1978) ( * a f t e r Watson, 1968) 
1 Atrlchum undulatum (Hedw.) P. Beauv. + 
2 B l i n d i a acuta (Hedw.) + 
3 Brachytheclum rutabulum (Hedw.) + + 
A Brachytheclum velutlnum (Hedw.) + + 
5 D l c r a n e l l a h e t e r o m a l l a (Hedw.) Schlmp. + + + 
6 D l c r a n o w e l s l a c l r r a t a (Hedw.) Mllde + + + 
7 Dlcranum scoparlum Hedw. + + + 
8 Eurhynchlum praelongum (Hedw.) + + + + 
9 Eurhynchlum s t r i a t u m (Hedw.) Schlmp. + 
10 Hypnum cup r e s s l f o r m e Hedw. + + + 
11 H. cup r e s s l f o r m e v a r . e r l c e t o r u m B.,S. and G.* + + 
12 H. cup r e s s l f o r m e v a r . f l l l f o r m e B r l d . * + + + + 
13 H. cup r e s s l f o r m e v a r . resuplnatum ( T a y l . ) Schlmp. + + + + 
lA Isopteryglum e l e g a n s ( B r l d . ) Llndb. + + + 
15 Mnlum hornum Hedw. + + + 
16 P l a g l o t h e c l u m d e n t l c u l a t u m (Hedw.) + 
17 Pleurozlum s c h r e b e r l ( B r l d . ) M i t t . + 
18 Po l y t r l c h u m aurantlacum B r i d . + 
19 P. commune Hedw. + + + 
20 P. formosum Hedw. + + + + 
21 Pseudoscleroppdlum. purum (Hedw.) F l e l s c h . + + + + 
22 Rhynchosteglum confertum ( D i c k s . ) + + 
23 R h y t l d l a d e l p h u s squarrosus (Hedw.) U a r n s t . + + 
2A R. t r l q u e t r u s (Hedw.) Warnst. + + + 
25 Thuldlum tamarlsclnum (Hedw.) + + + 
26 U l o t a b r u c h l l B r l d . . + 
27 U. c r l s p a (Hedw.) B r l d . + + 
+ + 
+ 
Table 5.4. (Contd.) 
Phase I Phase I I Phase I I I Phase IV 
1979 1981 1982 B - Plan 
only 8 
quadrats 
L i v e r w o r t s ( a f t e r Watson, 1968) 
28 Calypogeia f i s s a ( L . ) Raddi + 
29 C. muellerana ( S c h i f f n . ) K. M u l l . + + + 
30 Diplophyllum a l b i c a n s ( L . ) Dum, + + + 
31 Lejeunea c a v i f o l i a ( E h r h . ) Lindb. + 
32 L e p i d o z i a r e p t a n s ( L . ) Dum. + 
33 Lophocolea spp.* + + + + 
Ferns ( a f t e r Ivimey-Cook, 1984) 
34 Athyrium f i l i x - f e m i n a ( L . ) Roth + + + + 
35 Blechnum s p i c a n t ( L . ) Roth + + + + 
36 D r y o p t e r i s d i l a t a t a (Hoffm.) A. Gray + + + + 
37 f i l i x - m a s ( L . ) Schott + + + + 
38 P t e r i d i u m aquilinum ( L . ) Kuhn + + + + 
Herbs ( a f t e r Ivimey-Cook, 1984) 
39 Anemone nemorosa L. + 
40 C a l l u n a v u l g a r i s ( L . ) H u l l + 
41 Carex p l l u l i f e r a L. + + 
42 Chamerlon a n g u s t i f o l i u m ( L . ) J . Holub. + + + 
43 D i g i t a l i s purpurea L. + + + + 
44 Epilobium roseum Schreb, + 
45 E r i c a c i n e r e a L. + 
46 Galium s a x a t i l e L. + 
47 Hedera h e l i x L. + 
48 Hyacinthoides n o n - s c r i p t a ( L . ) Chouard ex Rothm. + + + 
49 Hypericum pulchrum L. + + 
50 Juncus e f f u s u s L. + + 
+ + + 
+ + 
+ 
+ + + 
+ + 
+ + + 
+ + 
+ + 
Lophocolea b i d e n t a t a ( L . ) Dum. or Lophocolea c u s p l d a t a (Nees) Limpr 
Table 5.4. (Contd,) 
Phase I 
1979 
Phase I I 
1981 
Phase I I I 
1982 
Phase IV 
B - Plan 
only 8 
quadrats 
Herbs (Contd.) ( a f t e r Ivimey-Cook, 1984) 
51 L o n i c e r a periclymenum L. + + + + 
52 L u z u l a raultiflora ( R e t z . ) Le1, + + + 
53 L. p i l o s a ( L . ) W l l l d . + + + + 
54 L. s y l v a t i c a (Huds.) Gaud. + + 
55 Melampyrum pratense L. + + + + 
56 O x a l i s a c e t o c e l l a L. + + 
57 P o t e n t l l l a e r e c t a ( L . ) Rausch. + 
58 Rubus f r u t i c o s u s L. aRR. + + + + 
59 Rumex c r i s p u s L. + 
60 SolidaRO v i r g a u r e a L. + 
61 Teucrium scorodonia L. + + + + 
62 Vaccinium m y r t i l l u s L. + + + + 
63 Ver o n i c a o f f i c i n a l i s L. + + + + 
64 V i o l a r i v i n i a n a Relchenb. + + + 
G r a s s e s ( a f t e r Ivimey-Cook, 1984) 
65 A g r o s t i s c a p i l l a r l s L, + + + + 
66 A, gigantea Roth. + 
67 A. s t o l o n l f e r a L. + + 
68 Anthoxanthum odoratum L. + + 
69 D a c t y l i s glomerata L. + + + 
70 Descharapsia c a e s p i t o s a ( L . ) Beauv. + + + 
71 D. f l e x u o s a ( L . ) T r i n . + + + + 
72 F e s t u c a rubra L. + 
73 F. t e n u i f o l i a S i b t h . + 
74 Holcus l a n a t u s L. + + + + 
75 H. m o l l i s L, + + + 
76 M o l i n i a c a e r u l e a ( L . ) Moench + + + + 
77 Poa annua L, + 
78 P, nemoralis L. + 
Table 5.4. (Contd.) 
Phase I Phase I I Phase I I I Phase IV 
1979 1981 1982 B - Plan 
only 8 
quadrats 
N a t u r a l l y regenerated t r e e s ( a f t e r M i t c h e l l , 1974) 
(over-hanging l e s s than one metre or rooted i n 
sub-quadrat) 
79 Acer pseudoplatanus L. 
B e t u l a spp.* 
+ + 
80 + + + + 
81 Carplnus b e t u l u s L. + 
82 Castanea s a t l v a M i l l . + + 
83 C o r y l u s a v e l l a n a L. + + + 
84 Crataegus monogyna Ja c q . + 
85 Fagus s y l v a t l c a L. + + + 
86 I l e x a q u l f o l l u m L. + + + + 
87 P i c e a s l t c h e n s l s (Bong.) C a r r . + 
88 Plnus s y l v e s t r l s L. + + 
89 Prunus avium L. + 
90 Pseudotsuga m e n z l e s l l (Mlrb.) Franco + + + 
91 Quercus c e r r l s L. + + 
92 S* ^ r o s a c e a + + + + 
93 S a l l x c l n e r e a L. + 
94 Sorbus a u c u p a r l a L. + + + + 
Shrubs ( a f t e r Clapham et a l . , 1962) 
95 F r a n g u l a a l n u s M i l l . + + + 
96 Rhododendron pontlcum L. + + + 
97 Sarothamnus s c o p a r l u s ( L . ) Wlmmer + + 
98 Ulex g a l l i l Planch + + + 
99 Viburnum opulus L. + + + 
B e t u l a pendula Roth or B. pubescens Ehrh. or h y b r i d s 
Table 5.4. (Contd.) 
Phase I 
1979 
Phase I I 
1981 
Phase I I I 
1982 
Phase IV 
B - Plan 
only 8 
quadrats 
B - Plan t r e e s ( a f t e r M i t c h e l l , 1 9 7 2 ) * 
100 Nothofagus procera (Poepp. and E n d l . ) O e r s t . 
101 Thuja p l i c a t a D. Don 
102 Tsuga h e t e r o p h y l l a ( R a f . ) Sarg. 
M i s c e l l a n e o u s f e a t u r e s 
103 Bare s o i l 
104 Brash and l o g s 
105 R o t t i n g stumps 
106 Rocks and stones 
* B - Plan t r e e s rooted or over-hanging sub-quadrats were not used i n a n a l y s e s due to t h e i r e f f e c t 
on o r d e r i n g the n a t u r a l l y o c c u r r i n g s p e c i e s 
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Table 5.5. TWINSPAN classification table - phase II - ground flora survey 
1 9 2 -J. 9 3 
Table 5,6, TWINSPAN c l a s s i f i c a t i o n groups phase I I 
the group a r e i n c l u d e d ) 
1981 ( o n l y the quadrats w i t h two or more sub-quadrats i n 
Group Quadrat % of sub- Canopy type Past C h a r a c t e r i z i n g % of a l l I n t e r e s t i n g 
quadrats h i s t o r y ground f l o r a sub-quadrats a s s o c i a t e d 
i n group s p e c i e s ( > 30% 
constancy by 
group) 
c o n t a i n i n g 
s p e c i e s (% 
constancy by 
group) 
s p e c i e s 
( I n d i c a t o r s / 












Quercus r e c e n t l y 
c l e a r - f e l l e d 
c .w.* 
c .w. 
Hedera h e l i x 
Vaccinium m y r t i l l u s 





Quercus x ro s a c e a 







Mixed p l a n t a t i o n 
Quercus 




L o n i c e r a periclymenum 
P t e r l d l u m a q u i l i u m 
Eurhynchium praelongum 
Hypnum c u p r e s s i f o r m e 




















Fagus and L a r i x 





Hedera h e l i x 
Rubus f r u t i c o s u s 
Eurhynchium praelongum 






D r y o p t e r i s f i l i x - m a s 
Blechnum s p l c a n t 
Athyriura f i l i x - f e m i n a 














78% L a r l x c.w. 
78% Quercus and L a r l x c.w. 
71% L a r i x and Pinus c.w. 
50% L a r i x and Pinus c.w. 
33% Pinus heath 
29% Quercus c.w. 
25% Mixed p l a n t a t i o n c.w. 
17% Pinus c.w. 
Rubus f r u t i c o s u s 94 
L o n i c e r a periclymenum 89 
Pt e r i d i u m agulllnum 82 
Eurhynchium praelongum 74 
Lophocolea spp. 52 
R h y t i d i a d e l p h u s 
t r i q u e t r u s 50 
Lu z u l a p i l o s a 
c.w c o n t i n u o u s l y wooded 
Table 5.6. (Contd.) 
Group Quadrat % of sub- Canopy type Past C h a r a c t e r i z i n g % of a l l I n t e r e s t i n g 
quadrats • h i s t o r y ground f l o r a sub-quadrats a s s o c i a t e d 
I n group s p e c i e s ( > 30% 
constancy by 
group) 
c o n t a i n i n g 
s p e c i e s (% 
constancy by 
group) 
s p e c i e s 
( I n d i c a t o r s / 
p r e f e r e n t i a l s ) 
4 29 50% Plnus heath Rubus f r u t i c o s u s 86 M o l l n i a c a e r u l e a 
Number 4 50% Plnus heath Hypnura c u p r e s s i f o r m e Ulex g a l l i i 
of sub- 15 31% L a r l x and Pinus c .w. va r . e r i c e t o r u m 83 
quadrats 17 17% P l c e a a b l e s heath C a l l u n a v u l g a r i s 73 
I n group B e t u l a spp. 59 
22 L o n i c e r a periclyraenum Lophocolea spp. 
55 
50 
5 14 100% P l c e a s l t c h e n s l s heath Hypnum cup r e s s i f o r m e Eurhynchium 
Number 56 69% Pseudotsuga c .w. va r . e r i c e t o r u m 83 praelongum 
of sub- 17 67% P i c e a a b l e s heath Hedera h e l i x 80 Vaccinium m y r t i l l u s 
quadrats 55 63% Pseudotsuga c .w. Rubus f r u t i c o s u s 77 D i g i t a l i s purpurea 
I n group 
78 
51 50% Fagus and L a r l x heath Lophocolea spp. 59 C a l l u n a v u l g a r i s 
29 43% Pinus heath B r a s h / l o g s 41 A g r o s t i s c a p i l l a r i s 
52 38% Quercus c .w. 
plu s 5 other quadrats between 17 and 25% 
6 55 38% Pseudotsuga c .w. Hedera h e l i x 75 D i c r a n e l l a 
Number 56 25% Pseudotsuga c .w. Hypnura c u p r e s s l f o r m e heteromalla 
of sub- v a r . e r i c e t o r u m 50 Isopteryglum elegans 
quadrats Athyrium f i l i x - f e m l n a 42 
I n group Blechnum s p i c a n t 42 
12 Hypnum cup r e s s i f o r m e 
v a r . resupinatum 
Pseudotsuga m e n z l e s i i 
Polytrichum formosum 





c.w, = c o n t i n u o u s l y wooded 
Table 5.6. (Contd.) 
Group Quadrat % of sub- Canopy type Past C h a r a c t e r i z i n g % of a l l I n t e r e s t i n g 
quadrats h i s t o r y ground f l o r a sub-quadrats a s s o c i a t e d 
i n group s p e c i e s ( > 30% c o n t a i n i n g s p e c i e s 
constancy by s p e c i e s (% ( I n d i c a t o r s / 
group) constancy by p r e f e r e n t i a l s ) 
group 
7 53 100% Quercus c.w. Vaccinium m y r t i l l u s 69 Melampyrum pratense 
Number 52 50% Quercus c.w. C a l l u n a v u l g a r i s 63 Quercus x ro s a c e a 
of sub- 33 25% Quercus c .w. Hypnum cup r e s s i f o r m e Dicranum heteromalla 
quadrats v a r . e r i c e t o r u m 63 
i n group Dicranum scoparium 44 
16 Hypnum cup r e s s i f o r m e 
v a r . f i l i f o r m e 44 
Hypnum cup r e s s i f o r m e 
v a r . resupinatum 44 
* c.w. = c o n t i n u o u s l y wooded 
periclymenum. Thus although these occur i n Table 5.6. as c h a r a c -
t e r i s i n g s p e c i e s w i t h high abundance, they a r e not good i n d i c a t o r s 
or p r e f e r e n t i a l s . F i g u r e 5.4. shows the 7 TWINSPAN groups p l o t t e d 
on the f i r s t two axes of the DECORANA quadrat o r d i n a t i o n . 
Group 1 
Group 1 c o n s i s t s of sub-quadrats under r e l a t i v e l y open c a n o p i e s 
but which ar e not p r i m a r i l y deciduous ( T a b l e 5 . 6 . ) . The i n d i c a t o r s 
f o r t h i s group are Vaccinium m y r t i l l u s , Hedera h e l i x , Quercus x 
r o s a c e a w i t h the p r e f e r e n t i a l , I l e x a q u i f o l i u m , Melampyrum p r a t e n s e 
and Sorbus a u c u p a r i a . These s p e c i e s i n d i c a t e a l i g h t e r environment 
than t h a t under the canopies of group 2. Quercus needs l i g h t and 
l i t t l e c o m p e t i t i o n i f i t i s to r e g e n e r a t e (Newbold and Goldsmith, 
1981), w h i l s t Sorbus d i e s out under the d a r k e r e s t a b l i s h e d B - P l a n 
u n i t s ( B i r d , 1983). Bracken ( P t e r i d i u m a q u i l i n u m ) i s a l s o found 
i n 44% of a l l sub-quadrats and the presence of Melampyrum as a 
p r e f e r e n t i a l i s a l s o important. 
A l l of the sub-quadrats i n t h i s group are on c o n t i n u o u s l y 
wooded s i t e s ( T a b l e 5.6; F i g u r e 1.5.). T h i s group i s c l e a r l y shown 
on the l e f t - h a n d s i d e of the quadrat o r d i n a t i o n ( F i g u r e 5 . 4 . ) . 
Group 2 
Group 2 c o n s i s t s of p r i m a r i l y sub-quadrats under deciduous 
canopies w i t h B - P l a n c r e a t e d d i s t u r b a n c e ( T a b l e 5 , 6 , ) . As i n 
phase I , quadrat 44 i s an anomaly i n t h i s group. The i n d i c a t o r s 
fo r t h i s group are Hedera h e l i x , D r y o p t e r i s d i l i t a t a and Teucrium 
s c o r o d o n i a . Hedera which i s abundant i n secondary and not primary 
woods, e s t a b l i s h e s i t s e l f at the f i r s t c l e a r i n g of the o r i g i n a l 
canopy and remains f o r c e n t u r i e s (Rackham, 1976), I n T a v i s t o c k 
Woodlands, i t seems to p r e f e r the c o n t i n u o u s l y wooded s i t e s to the 
a f f o r e s t e d heath, but because i t i s found to some degree on most 
s i t e s i t i s b e s t c o n s i d e r e d a ' u b i q u i t o u s ' T a v i s t o c k Woodlands 
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F i g u r e 5.4. TWINSPAN group membership (Table.5.6.) p l o t t e d on the f i r s t two axes of the DBCORANA o r d i n a t i o n of 
244 sub-quadrats of the phase I I ground f l o r a survey - 1981 
s p e c i e s . D r y o p t e r i s i s a common a s s o c i a t e i n woods wi t h Eurynchium 
praelongum which i s a s h a d e - t o l e r a n t s p e c i e s (Watson, 1968; 
Myerscough, 1980). I t i s found i n quadrats 44 and 51. The Pseudotsuga 
and Fagus w i t h L a r i x c a nopies of these quadrats provide the shade 
and high r e l a t i v e moisture i n the summer when i t i s needed by damp-
l o v i n g s p e c i e s . The presence of Blechnum s p i c a n t and Athyrium 
f i l i x - f e m i n a provide f u r t h e r evidence of the damp, shady h a b i t a t 
of t h i s community type. Group 2 i s c l e a r l y d e f i n e d on the upper 
r i g h t of the o r d i n a t i o n diagram ( F i g u r e 5 . 4 . ) , grading i n t o groups 
3/5 on the one hand and(group 6 on the o t h e r . 
Groups 1 and 2 correspond to groups 1 and 2 of phase I ( T a b l e 
5.2.) from which quadrats 40,38,32 and 33 were chosen f o r f u r t h e r 
study. 
D r y o p t e r i s i s a p r e f e r e n t i a l f o r group 1 of phase I and group 
2 of phase I I . Quadrat 32 i s i n t e r e s t i n g i n t h a t i t s sub-quadrats 
ar e c l a s s i f i e d i n both groups. I t was c l e a r - f e l l e d j u s t before 
sampling i n 1981 so t h a t the ground f l o r a of s e v e r a l of i t s sub-
quadrats r e f l e c t s the past shady and damp deciduous broadleaved 
canopy belonging to group 2, w h i l e the ground f l o r a of the remainder 
of the sub-quadrats i s beginning to show a response to c l e a r i n g 
and these a r e grouped w i t h the open canopies of quadrats 38 and 
9 (group 1 ) . 
Group 3 
Group 3 c o n s i s t s of quadrats w i t h p r i m a r i l y l i g h t L a r i x c a n o p i e s 
e i t h e r alone or i n combination w i t h other canopy s p e c i e s ( T a b l e 
5 . 6 . ) . The i n d i c a t o r s f o r t h i s group ar e L o n i c e r a periclymenum, 
P t e r i d i u m aqulllnum , Lophocolea spp. and one p r e f e r e n t i a l L u z u l a 
p i l o s a . L o n i c e r a , although widespread i n T a v i s t o c k Woodlands, i s 
l e s s abundant i n shaded p l a c e s such as under abandoned Quercus 
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canopies or i n the o l d e r B - P l a n sub-units (Table 5.5.). The same 
i s t r u e f o r P t e r i d i u m . Thus i n t h i s group 3, both s p e c i e s have 
responded to the l i g h t c a n o p i e s , as w e l l as to the d i s t u r b a n c e and 
l i g h t c r e a t e d by B - P l a n . L u z u l a i s an i n d i c a t o r of primary woodland 
i n E a s t e r n England ( P e t e r k e n , 1974), but i s a l s o an i n d i c a t o r of 
a c i d brown e a r t h i n the open or i n woods (Bunce, 1982). The 
a s s o c i a t i o n of P t e r i d i u m , L o n i c e r a and L u z u l a i s p a r t of a t y p i c a l 
oak f i e l d l a y e r ( T a n s l e y , 1939). Hence they a r e the r e l i c s of the 
past oak c anopies t y p i c a l of most of the s i t e s i n group 3. The 
Lophocolea appears to take advantage of the dense cover c r e a t e d 
by the P t e r i d i u m and L o n i c e r a and grow w e l l under t h i s low l y i n g 
canopy. 
Group 4 
Group 4 appears to c o n s i s t p r i m a r i l y of q uadrats on the 
a f f o r e s t e d heath ( T a b l e 5 . 6 . ) . I t i s comparable to group 4 i n phase 
I ( T a b l e 5 . 2 . ) . Three of the q uadrats s e l e c t e d f o r the phase I I 
study appear i n both group f o u r s - 29,4 and 17. The i n d i c a t o r s 
f o r t h i s phase I I group 4 a r e C a l l u n a v u l g a r i s , B e t u l a x spp., 
L o n i c e r a , M o l l n i a c a e r u l e a and H. c u p r e s s l f o r m e v a r . e r i c e t o r u m . 
C a l l u n a i s I n c l u d e d i n both group f o u r s as a r e l i c t heath s p e c i e s 
and not as a component of the dwarf shrub l a y e r i n an oak coppice 
(Gimingham, 1960). B e t u l a i s a p r e f e r e n t i a l f o r group 4 as i n phase 
I . M o l i n l a i s a d i s t i n c t heath s p e c i e s , and Hypnum i s a h e a t h l a n d 
a s s o c i a t e of C a l l u n a . Ulex g a l l i l i s another heath a s s o c i a t e found 
i n two sub-quadrats. 
Group 5 
Group 5 i s dominated by a l l the sub-quadrats of quadrat 14, 
the P l c e a s l t c h e n s l s canopy, as w e l l as over h a l f of those under 
the P l c e a a b l e s canopy i n quadrat 17 and over h a l f of those under 
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the Pseudotsuga canopy of quadrat 56 (Table 5.6.). -In-addition/there are 38% 
of the sub-quadrats o f the Quercus-canopied quadrat 52 and a m i x t u r e 
of sub-quadrats from 8 other quadrats. This makes t h i s group s i m i l a r 
t o the group 3 of phase I (Table 5.2.), which i s the t r a n s i t i o n 
group between the oak canopied groups 1 and 2 and the heath group 
4. Likewise t h i s group 5 l i e s between the heathy quadrats of group 
4 and the r e l i c oak quadrats of group 7 (Table 5,5.). The i n d i c a t o r s 
are brash and l o g s , Hedera h e l i x and Lophocolea spp. and Eurhychium 
praelongum i s a p r e f e r e n t i a l . The brash and/or logs are a f e a t u r e 
of the areas surrounding the B - Plan u n i t s - sub-quadrats 1 t o 
8. The unwanted products o f sub-unit clearance as w e l l as the lower 
branches removed from the young trees are l e f t on the ground t o decompose 
Under the spruce canopies of quadrats 14 and 17 and the Pinus canopy 
of 9, t h i s brash appears t o take a considerable time t o break down. 
Pines and spruces are well-known f o r the slow r a t e of organic matter 
decomposition of t h e i r t i s s u e ( M i l e s , 1981). Again as i n group 
3 phase I I , the Lophocolea and the Eurhychium t h r i v e under the shade 
created by the 'canopy* of brash. On the o r d i n a t i o n diagram ( F i g u r e 
5.4.), groups 3-5 occupy the c e n t r a l area and o v e r l a p c o n s i d e r a b l y . 
There i s , however, a g r a d i e n t corresponding t o the second a x i s w i t h 
group 3 predominantly at the t o p , grading through group 4 t o group 
5 quadrats at the bottom. 
Group 6 
Group 6 i s a small group of 12 sub-quadrats. I t c o n s i s t s 
p r i m a r i l y of the o l d e r B - Plan sub-units stages I and I I i n quadrats 
55 and 56, which have a sparse ground f l o r a . This group i s between 
the mixed t r a n s i t i o n group 5 and the r e l i c oak group 7 suggesting 
t h a t the ground f l o r a under these o l d e r p l o t s resembles t h a t under 
the o l d overgrown oak. No such group appears i n the c l a s s i f i c a t i o n 
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i n phase I because the B - Plan u n i t s were not sampled s e l e c t i v e l y . 
The i n d i c a t o r s f o r the group are Athyrium f i l i x - f e m l n a , Blechnum 
spicant and n a t u r a l l y regenerated Pseudotsuga m e n z i e s i l w i t h the 
p r e f e r e n t i a l s P o l y t r i c h u m formosum. D r y o p t e r i s d i l i t a t a , Quercus 
X rosacea and Isopterygium elegans. The f e r n s are i n d i c a t o r s of 
increased a i r humidity ( S i s s i n g h , 1982) and I s o p t e r i g i u m i s a shade-
l o v i n g species (Smith, 1978). P o l y t r i c h u m i s abundant on w e l l - d r a i n e d 
s o i l (Smith, 1978) and can be an index of increased a c i d i t y e s p e c i a l l y 
i n the open (Tansley, 1968). Athyrium, u n l i k e Blechnum, i s d e f i n i t e l y 
a shade p l a n t w i t h a l i g h t compensation p o i n t of 300 t o 500 l u x 
(Packham and Harding, 1982). Group 6 quadrats are c l e a r l y separated 
i n the bottom r i g h t of the quadrat o r d i n a t i o n ( F i g u r e 5.4.). 
Group 7 
Group 7 i s the overgrown Quercus community, quadrats 52,53 
and 33 (Table 5.6.). Quadrats 33 and 52 are o l d coppice stands, 
w h i l e 53 appears t o be an abandoned timber stand. The i n d i c a t o r s 
f o r t h i s group are Vaccinium m y r t i l l u s , Calluna v u l g a r i s , Hypnum 
cupressiforme var, f i l i f o r m e w i t h the p r e f e r e n t i a l s D i c r a n e l l a 
heteromalla, Dicranium scoparium, Hypnum cupressiforme var. 
resupipat-um^- .Melamypyrum pratense and Quercus x rosacea. Vaccinium 
i s t o l e r a n t of the shade under the Quercus canopy but Calluna needs 
open places or breaks i n the canopy such as t h a t a f f o r d e d by c o p p i c i n g 
t o t h r i v e (Tansley, 1968). The Calluna i n 52 i s f a i r l y sparse and 
i s c e r t a i n l y not t h r i v i n g . I t i s most l i k e l y a f l o r a l r e l i c from 
the l a s t c l e a r i n g at the beginning of t h i s c e n tury. However the 
Betula i n quadrat 52 at 60 t o 70 years o l d i s coming t o the end 
of i t s n a t u r a l l i f e span (Harding, 1981) and may be the cause of 
gaps i n the canopy, a l l o w i n g Calluna t o grow. I t i s i n t e r e s t i n g 
t h a t p a r t of quadrat 33 i s w i t h the sub-quadrats of group 1 (Table 
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5.6.) but two sub-quadrats 5 and 7 are grouped here, perhaps because 
they are under gaps i n the canopy and have responded a c c o r d i n g l y . 
The H. cupressiforme var. resupinatum i s an a t l a n t i c species found 
on t r e e s bases as w e l l as rocks and i s t o l e r a n t of the l i g h t shade 
a f f o r d e d by the oak canopies ( R a t c l i f f e , 1968; Smith, 1978). Group 
7 i s another w e l l - d e f i n e d group on the o r d i n a t i o n p l o t ( F i gure 5.4.). 
5.3.3. R e l a t i o n s h i p s between ground f l o r a communities and 
environmental f a c t o r s - s o i l moisture and canopy c l o s u r e 
O v e r a l l c o r r e l a t i o n w i t h o r d i n a t i o n axes 
I n order t o determine the p o s s i b l e o v e r r i d i n g i n f l u e n c e of 
both s o i l moisture and canopy d e n s i t y on ground f l o r a d i s t r i b u t i o n , 
rank c o r r e l a t i o n c o e f f i c i e n t s were c a l c u l a t e d between the f i r s t 
t hree a x i s scores from the DECORANA o r d i n a t i o n and the values f o r 
% s o i l moisture and % of the canopy open (moosehorn) i n each sub-
quadrat. The r e s u l t i n g c o r r e l a t i o n m a t r i x i s presented i n Table 
5.7. 
Although w i t h the very l a r g e sample s i z e , s i g n i f i c a n t c o r r e l a -
t i o n c o e f f i c i e n t s have very low e x p l a n a t i o n , i t i s i n t e r e s t i n g t h a t 
canopy c l o s u r e j u s t achieves s i g n i f i c a n c e on the f i r s t a x i s and 
both s o i l moisture and canopy cl o s u r e are s i g n i f i c a n t on the second. 
The i n t e r p r e t a t i o n of t h i s was t h a t l i g h t i n r e l a t i o n t o canopy c l o s u r e 
could be a s i g n i f i c a n t environmental f a c t o r and thus would m e r i t 
f u r t h e r more d e t a i l e d a n a l y s i s , p a r t i c u l a r l y since the r a p i d survey 
using moosehorn methods at t h i s general survey stage had s e r i o u s 
l i m i t a t i o n s w i t h regard t o accuracy. 
The s o i l moisture v a r i a t i o n s are also understandable as a 
secondary g r a d i e n t . However, i n both cases, the percentage e x p l a n a t i o n 
i s very low and other unmeasured sources of v a r i a t i o n such as 
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Table 5.7. Rank c o r r e l a t i o n m a t r i x between the f i r s t three 1981 
ground f l o r a o r d i n a t i o n axes and % s o i l moisture 
and % of the canopy open ( n = 214) 
Ground f l o r a axes % % of the 
I I I I I I s o i l moisture canopy open 
I I 
I I I 
0.07 0.04 
-0.04 
c 3 O 
u 
% s o i l 
moisture 










With n-2 degrees of freedom (214-2 = 212) a c o e f f i c i e n t o f t 0 . 1 9 
or above i s s i g n i f i c a n t at the 0.01 l e v e l ( t w o - t a i l e d t e s t ) 
management both past and present presumably a f f e c t the ground f l o r a . 
Also, the very l a r g e data set covering the wide range of canopy 
and woodland types tends t o mask v a r i a t i o n w i t h i n p a r t i c u l a r community 
assemblages. 
S o i l moisture and canopy cl o s u r e values by ground f l o r a groups 
I n order t o examine t h i s idea f u r t h e r , means and standard 
e r r o r s were c a l c u l a t e d f o r the % s o i l moisture and % of canopy open 
scores i n each o f the seven ground f l o r a groups from the TWINSPAN 
an a l y s i s (Table 5.5.). Results are presented i n Figure 5.5. 
I t i s c l e a r from Figure 5.5. t h a t the % of s o i l moisture and 
the % of the canopy t h a t i s open f o r TWINSPAN groups 6 and 7 (Table 
5.6.) are both s i g n i f i c a n t l y lower than the values f o r the other 
f i v e groups. There appears t o be two f a c t o r s a c t i n g t o reduce the 
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mean = 2119 
29 33 54 22 78 12 16 
F i q u r e 5. 5. Means and standard e r r o r s of the % s o i l moisture and % of the canopy open s c o r e s i n the seven ground 
f l o r a groups frcm TWINSPAN a n a l y s i s (Table 5.S.) 
s o i l moisture i n group 6, c o n s i s t i n g p r i m a r i l y of sub-quadrats i n 
the o l d e s t B - Plan sub-units i n quadrats 55 and 56 and i n group 
7, c o n s i s t i n g of sub-quadrats i n the r e l i c Quercus stands of quadrats 
33,52 and 53 ( s e c t i o n 5.3.2.). These are: 
a) the e f f e c t of slope; 
b) the e f f e c t of r a i n f a l l i n t e r c e p t i o n by the canopy. 
a) Slope 
Both groups 6 and 7 have higher mean slopes than the mean 
f o r groups 1-5 combined; groups 1-5 = 13.4** (s.e.= 0.63), group 
6 = 17.5° (s.e.=1.15), group 7 = 25.1" ( s . e . = 0.91). The means 
of groups 1-5 and group 6 l i e w i t h i n the range of what Bunce (1982) 
considers a medium slope, 11-18*, w h i l e group 7 has a p a r t i c u l a r l y 
steep mean slope i n the high range, 19-26**. The r u n - o f f i n the 
groups w i t h higher mean slopes would be g r e a t e r , thus reducing s o i l 
m oisture. 
b) R a i n f a l l i n t e r c e p t i o n by the canopy 
The sub-quadrats of groups 6 and 7 are under closed canopies 
f o r a l l or p a r t of the year. The dense Thuja p l i c a t a , Tsuga h e t e r o -
p h y l l a , Sequoia sempervirens and Pseudotsuga m e n z i e s i i canopies 
i n the o l d e r B - Plan sub-units of quadrats 55 and 56 i n t e r c e p t 
a considerable q u a n t i t y of r a i n f a l l throughout the year. Any f u r t h e r 
r a i n f a l l reaching the ground, perhaps by stemflow, would be q u i c k l y 
u t i l i z e d by the dense r o o t systems. Hence canopy i n t e r c e p t i o n and 
a b s o r p t i o n by r o o t s , plus the e f f e c t of slope on r u n - o f f , would 
act t o reduce the s o i l moisture i n the sub-quadrats of group 6, 
(F i g u r e 5.5.). 
The Quercus x rosacea canopies over the sub-quadrats of group 
7 would i n t e r c e p t r a i n f a l l f o r p a r t of the year, from May u n t i l 
the autumn, but not as much over the e n t i r e year as the evergreen 
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canopies of group 6. Therefore i t appears t h a t the e f f e c t of steep 
slopes on r a i n f a l l r u n - o f f must be more important than canopy i n t e r -
c e p t i o n i n reducing the s o i l moisture i n the sub-quadrats of group 
7 (Figure 5.5.). 
Although the sub-quadrats i n the B - Plan sub-units of quadrats 
55 and 56 i n group 6 show a lower percentage s o i l moisture, the 
r e l a t i v e h u m i d i t y w i t h i n these sub-units appears t o be h i g h , as 
i n d i c a t e d by the presence of Athyrium f i l i x - f e m i n a , Blechnum sp i c a n t 
and D r y o p t e r i s d i l i t a t a ( s e c t i o n 5.3.2.). The dense canopies and 
close spacing of the t r e e s reduces a i r movement. Consequently the 
water vapour from e v a p o t r a n s p i r a t i o n i s 'trapped' w i t h i n the sub-
u n i t . 
5.3.4. The d i s t r i b u t i o n o f the B - Plan sub-quadrats 
Approximately 34% of a l l the sub-quadrats i n the phase I I 
ground f l o r a a n a l y s i s were i n B - Plan sub-units. However, the d i s t r i b u -
t i o n of these sub-quadrats i s not even throughout the TWINSPAN t a b l e 
(Table 5,5.). I t i s as f o l l o w s : 
% w i t h i n groups 
Group 1 - 1 7 % 
Group 2 - 30% 
Group 3 - 33% 
Group 4 - 50% 
Group 5 - 35% 
Group 6 - 83% • 
Group 7 - 6% 
Group 1 has less than average at 17%. As p r e d i c t e d by i t s 
i n d i c a t o r s , these are the more open B - Plan sub-quadrats, sub-
quadrat 9 of quadrat 9=9.9 ( n o t e : sub-quadrats w i l l be r e f e r r e d 
t o w i t h f i r s t t h e i r quadrat number f o l l o w e d by the sub-quadrat 
number) pl a n t e d i n 1973 and sub-quadrat 23.9 a l s o planted i n 1973. 
The t h i r d sub-quadrat i s also under a l i g h t canopy of Quercus and 
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L a r l x , sub-quadrat 40.9. I t i s the o n l y sub-quadrat i n a f a i l e d 
B - Plan u n i t w i t h only two Thuja p l i c a t a t r e e s . Being s i t e d between 
them, the ground f l o r a i s subject t o s i d e - l i g h t , u n l i k e the ground 
f l o r a under a complete u n i t . 
Group 2 has at 30% j u s t below the expected d i s t r i b u t i o n . 
The sub-quadrats are the o l d e r , darker one of quadrats 23,54 and 
13 and a l l those of quadrat 44. 
Group 3 w i t h 33% has many of the more r e c e n t l y c leared sub-
quadrats i n c l u d i n g s e v e r a l cleared i n 1980 the year before phase I I 
sampling. The average age of these sub-quadrats i s 5.74 years. 
The l u x u r i a n t growth of Rubus and Lonicera, i n d i c a t o r s f o r t h i s 
group, i s i n response t o the recent c l e a r i n g . 
Group 4 w i t h 50% contains a l a r g e p r o p o r t i o n of sub-quadrats 
s i t e d on former heath s i t e s t h a t have been very r e c e n t l y c l e a r e d , 
f o r example, stages IV and V of quadrat 17 and a l l the stage I's 
of quadrat 29, a l l of which were cleared i n 1980. A l l the sub-quadrats 
i n 29,9 t o 14, are a l l stage I ' s , the r e s u l t of the randomly placed 
quadrat s t r a d d l i n g three u n i t s . Hence t h i s quadrat was over-sampled 
and was l a t e r abandoned. 
Group 5, the l a r g e mixed t r a n s i t i o n group w i t h s l i g h t l y g r e a t e r 
than the average complement of B - Plan sub-quadrats at 35%, c o n t a i n s 
a l l the sub-quadrats under the Picea s i t c h e n s i s canopy on quadrat 
14. These sub-quadrats show a c l e a r response t o c l e a r i n g , w i t h 
the growth of A g r o s t i s c a p i l l a r i s , the only sub-quadrats i n quadrat 
14 where t h i s species w i l l grow. Likewise D i g i t a l i s purpurea responds 
t o B - Plan c l e a r i n g and i s only found i n group 5 i n the sub-quadrats 
of quadrat 14. Sub-quadrat 14,9 i s also stage I I I and not stage 
I as might be expected. Like quadrat 29, quadrat 14 was s i t e d 
randomly and encompasses p a r t of three u n i t s - u n i t 1 sub-quadrats 
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10 and 11 (stage I ) , and 12 and 13 (stage I I ) ; u n i t 2 sub-quadrats 
14 and 15 (stage I I I ) ; and u n i t 3 sub-quadrat 9 (stage I I I ) . 
Group 6 has the highest percentage of B - Plan sub-quadrats 
w i t h 83%. These were discussed e a r l i e r . 
Group 7, the r e l i c Quercus-canopied quadrats, has on l y one 
B - Plan sub-quadrat not r e a l l y p a r t of the group - sub-quadrat 
13 of quadrat 17 (17.13). This odd quadrat i s separated from group 
7 i n the seventh TWINSPAN d i v i s i o n (Table 5.5.). I t has s e v e r a l 
less frequent species such as Acer pseudoplantanus, Quercus c e r r i s , 
Deschampsia fl e x u o s a , and D. caespitosa. These are most l i k e l y 
t o respond t o both B - Plan disturbance and a high l i g h t environment 
created by c l e a r i n g the stage V sub-unit of the u n i t d i r e c t l y above 
sub-quadrat 17.13^  as w e l l as by c l e a r i n g f o r the stage V sub-unit 
d i r e c t l y below i n 1980 f o r i t s own stage IV and stage V s u b - u n i t s . 
5.3.5. A d e s c r i p t i o n of the B - Plan sub-quadrats - the r e s u l t s 
of the analyses 
The B - Plan sub-quadrats of phase I I were c l a s s i f i e d s e p a r a t e l y 
using TWINSPAN (Table 5.8.) w i t h cut l e v e l s of 0,2,5,10 and 20% 
( H i l l , 1979c). A DECORANA o r d i n a t i o n was also run on the same data 
and r e s u l t s f o r the f i r s t two axes, of the quadrat o r d i n a t i o n are 
presented i n Figure 5.6. w i t h TWINSPAN groups superimposed. The 
TWINSPAN c l a s s i f i c a t i o n d i v i d e s the sub-quadrats i n t o three main 
groups (Tables 5.8. and 5.9.). 
Group 1 
Group 1 i s p r i m a r i l y composed of sub-quadrats on the former 
heathland (Table 5.9.), quadrats 29,51,17,14 and 4. I t also c o n t a i n s 
a s c a t t e r i n g of some other s i n g l e sub-quadrats p a r t i c u l a r l y the 
younger, l i g h t e r ones f o r example sub-quadrats 55.13,55,14,55.15, 
55.16 and 56.16 cleared and planted i n 1973 and 1980, 
20 9 
Groups 
27 DIOI PURP 
15 RMVT TRIO 
J 7 OIPL ALBi 
26 CHAM ANCU 
28 HVAC NON^ 
33 LU7U fWLT 
39 WLEX CALL 
44 ACRO CAP I 
32 BtTU XSPP 
61 VIBU DPUL 
64 fINU 6VLV 
24 CALL VULO 
30 nOLI CAER 
4 DICR SCOP 
46 DESC CAES 
60 SORB AUCU 
7 MypN ERIC 
36 RL/BU FRUT 
18 LOPH BICU 
30 HYPE PULC 
34 LU2U PILO 
47 DESC FLEX 
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63 PSEU MENS 
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F i g u r e 5.6. Tl^INSPAN group membership (Table 5.9.) p l o t t e d on the f i r s t two axes of the DECORANA o r d i n a t i o n of 
84 sub-quadrats i n B - Plan s u b - u n i t s of the phase I I ground f l o r a survey - 1981 
Table 5. 9, TWINSPAN c l a s s i f i c a t i o n groups - phase I I - 1981 - B - Plan sub-quadrats only 
Group Quadrat % of Canopy type Past C h a r a c t e r i z i n g % of a l l I n t e r e s t i n g 
B - Plan h i s t o r y ground f l o r a sub-quadrats associated 
sub- species ( > 30% c o n t a i n i n g species 
quadrats constancy by species 
i n group group) (% constancy 
by group) 
1 29 100% Pinus heath Rubus f r u t i c o s u s 94 Brash/logs 
Number 17 90% Picea abies heath Hypnum cupressiforme 82 D i g i t a l i s purpurea 
of sub- 14 86% Picea s i t c h e n s i s heath var. ericetorum M o l i n i a caerulea 
quadrats 4 50% Pinus heath Hedera h e l i x 59 Betula x spp. 
34 55 50% Pseudotsuga c .w.* Lophocolea spp. 50 51 50% Fagus and L a r i x heath Calluna v u l g a r i s 41 
56 25% Pseudotsuga c .w. A g r o s t i s c a p i l l a r i s 30 
2 40 100% Quercus and L a r i x c .w. Rubus f r u t i c o s u s 94 Blechnum spicant 
Number 
15 88% Pinus and L a r i x c.w. Lonicera periclymenum 82 Deschampsla flexuosa 
13 80% L a r i x c .w. Eurhynchium praelongum 78 Hypnum cupressiforme 
of sub- 23 67% Pinus and L a r i x c .w. Lophocolea spp. 66 var. resuplnatum 
quadrats 9 50% Pinus c.w. Hedera h e l i x 49 Luzula p l l o s a 
33 54 50% Quercus c.w. Pter i d i u m aqullinum 36 Polytrichum formosum 
4 50% Pinus heath Vaccinium m y r t i l l u s 
51 50% Fagus and L a r i x heath 
56 25% Pseudotsuga c .w. 
3 44 100% Pseudotsuga heath Hedera h e l i x 76 D l c r a n e l l a heteromalla 
Number 55 50% Pseudotsuga c.w. Athyrium f i l i x - f e m i n a 47 D r y o p t e r i s d i l i t a t a 
of sub- 56 50% Pseudotsuga c .w. Thuidium tamariscinum 47 Hypnum cupressiforme 
quadrats 54 33% Quercus c .w. Blechum spicant 41 var. resuplnatum 
17 23 33% L a r i x and Pinus c.w. Eurhynchium praelongum 41 Lonicera periclymenum 
Pseudotsuga m e n z l e s i i 41 
* c.w. = con t i n u o u s l y wooded 
The i n d i c a t o r s f o r group 1 are Hypnum cupressiforme var. 
e r i c e t o r u m , Calluna v u l g a r i s , Hedera h e l i x and A g r o s t i s c a p i l l a r i s . 
Hypnum i s i n the f o u r t h or greater cut l e v e l suggesting i t i s f a i r l y 
abundant. This heathy species (Watson, 1968) i s found throughout 
Tavistock Woodlands, but i s p a r t i c u l a r l y abundant i n heathy open 
areas. I t i s associated w i t h Calluna v u l g a r i s i n upland woods and 
heaths. Not s u r p r i s i n g l y , w i t h the ground f l o r a s i m i l a r t o both 
Peterken's (1981) upland pedunculate oak wood f l o r a and to heathland, 
Betula X spp. i s one of the p r e f e r e n t i a l s f o r group 1. This group 
i s shown on the upper l e f t - h a n d side of the o r d i n a t i o n (Figure 5.6.), 
I t overlaps w i t h group 2, 
Group 2 
Group 2 c o n s i s t s of sub-quadrats found p r i m a r i l y on c o n t i n u o u s l y 
wooded s i t e s (Table 5.9.). The i n d i c a t o r s f o r t h i s group are Lonicera 
periclymenum, Eurhynchium praelongum and P t e r i d i u m aquilinum. The 
t r e n d from group 1 t o 2 appears t o be of decreasing l i g h t . The 
two bryophyte i n d i c a t o r s , H. cupressiforme var. e r i c e t o r u m f o r group 
1 and E. praelongum f o r group 2, i n d i c a t e a g r a d i e n t of decreasing 
l i g h t and i n c r e a s i n g r e l a t i v e h u m idity from group 1 t o group 2, 
(Glmingham and B i r s e , 1957). Unlike the i n d i c a t o r s f o r group 1, both 
P t e r i d i u m and Lonicera stand moderate shade (Tansley, 1939), P t e r i d i u m 
i s " l a r g e l y i f not p r i m a r i l y a woodland p l a n t " which Tansley (1939) 
sees as p a r t of a group of p l a n t s s u r v i v i n g on heath or grassland 
from previous woodland. P t e r i d i u m clones can l i v e up t o 80 years 
(Rackham, 1980a). Group 2 i s p o s i t i o n e d i n the lower l e f t - h a n d 
corner of the o r d i n a t i o n (Figure 5.6.). 
Group 3 
Group 3 i s d i s t i n c t l y d i f f e r e n t from groups 1 and 2. The sub-
quadrats of group 3 are i n the o l d e r B - Plan sub-units on both 
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former heathland s i t e s or co n t i n u o u s l y wooded s i t e s (Table 5.9.). 
The i n d i c a t o r f o r t h i s group 3 i s Athyrium f i l i x - f e m i n a w i t h 
the p r e f e r e n t i a l s Blechnum spicant and D r y o p t e r i s d i l i t a t a , a l l 
three i n d i c a t i n g high r e l a t i v e h u midity ( S i s s i n g h , 1982). The t h i r d 
p r e f e r e n t i a l i s n a t u r a l l y regenerated Pseudotsuga which needs the 
l i g h t created by the B - Plan c l e a r i n g t o germinate but appears 
t o be able t o l i n g e r on under a shady canopy f o r a time. Group 
3 i s p o s i t i o n e d on the r i g h t - h a n d side of the o r d i n a t i o n ( F i g u r e 
5.6.), c l e a r l y d i f f e r e n t from groups 1 and 2. 
5.3.6. Age d i s t r i b u t i o n of the B - Plan sub-quadrats i n the analyses 
Figure 5.7. shows the d i s t r i b u t i o n of ages since c l e a r i n g 
i n the sub-quadrats l o c a t e d i n the B - Plan sub-units i n the thr e e 
ground f l o r a groups of the TWINSPAN c l a s s i f i c a t i o n (Tables 5.8. 
and 5.9.) and the DECORANA o r d i n a t i o n ( F i g u r e 5.6.). Group 1 i s 
composed predominantly of sub-quadrats i n B - Plan sub-units c l e a r e d 
one year before the phase I I survey, w i t h a s c a t t e r i n g of sub-quadrats 
i n o l d e r s u b - u n i t s . S i m i l a r l y , group 2 i s also composed mainly 
of sub-quadrats i n the more r e c e n t l y c l e a r e d s u b - u n i t s . The d i s t i n c -
t i o n between the two groups l i e s i n the h i s t o r i c a l o r i g i n of the 
s i t e s where the sub-quadrats are l o c a t e d . Group 1 sub-quadrats 
are on p r i m a r i l y heathland s i t e s as i n d i c a t e d by some of the species 
i n Table 5.9., w h i l e group 2 sub-quadrats are on co n t i n u o u s l y wooded 
s i t e s . This d i s t i n c t i o n between groups 1 and 2 i s not c l e a r on 
the o r d i n a t i o n axes I and I I ( F i g u r e 5.6.), but l i e s on the t h i r d 
a x i s . I n c o n t r a s t t o groups 1 and 2, group 3 i s composed of sub-
quadrats l o c a t e d i n the ol d e r B - Plan sub-units (Figure 5,7.). 
This p a t t e r n of d i s t r i b u t i o n shows up c l e a r l y i n the mean 
time since clearance f o r B - Plan sub-units of each of the thr e e 
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F i g u r e 5.7, D i s t r i b u t i o n of ages s i n c e c l e a r i n g i n B - P l a n s u b - u n i t s 
i n the three ground f l o r a groups (Table 5.9.) 
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groups. Groups 1 and 2 have a s i m i l a r means, 6.40 years ( s . e . = 
1.19) and 7.41 (s.e. = 1.12) r e s p e c t i v e l y . Group 3 however, has 
a mean of 15.65 years ( s . e . = l . l l ) . The values i n group 3 are 
s i g n i f i c a n t l y d i f f e r e n t when t e s t e d w i t h a MannrWhitney U-test (two-
t a i l e d ) from those i n e i t h e r group 1 or group 2, p = 0.0004 and p = 
0.(X)90 r e s p e c t i v e l y . Hence, as the B - Plan sub-units *age*, the 
ground f l o r a community shows a marked change i n composition and 
abundance. 
5.3.7. R e l a t i o n s h i p s between B - Plan sub-unit communities and 
environmental f a c t o r s - s o i l moisture and canopy c l o s u r e 
O v e r a l l c o r r e l a t i o n w i t h o r d i n a t i o n axes 
As w i t h the e n t i r e data set from phase I I ( s e c t i o n 5.3.3.), 
rank c o r r e l a t i o n c o e f f i c i e n t s were c a l c u l a t e d between the f i r s t 
t h ree a x i s scores from the DECORANA o r d i n a t i o n of the sub-quadrats 
l o c a t e d i n B - Plan sub-units o n l y and the values f o r % s o i l moisture 
and the % of the canopy open (moosehorn) i n each sub-quadrat. The 
r e s u l t i n g c o r r e l a t i o n m a t r i x i s presented i n Table 5.10. 
Both canopy c l o s u r e and s o i l moisture achieve s i g n i f i c a n c e 
on a x i s I o n l y . As w i t h the e n t i r e data set from phase I I , s o i l 
moisture appears as a secondary g r a d i e n t . 
S o i l moisture and canopy cl o s u r e values by ground f l o r a 
groups 
The means and standard e r r o r s were c a l c u l a t e d f o r the % s o i l 
moisture and the % of the canopy open scores i n each of the t h r e e 
ground f l o r a groups from the TWINSPAN a n a l y s i s (Table 5,8,) of the 
sub-quadrats l o c a t e d i n B - Plan sub-units o n l y . Results are presented 
i n Figure 5.8. 
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Table 5.10. Rank c o r r e l a t i o n m a t r i x between the f i r s t t h r e e 1981 
B - Plan ground f l o r a o r d i n a t i o n axes and % s o i l 
moisture and % of the canopy.open (n = 84) 
Ground f l o r a axes % % of the 
I I I I I I s o i l moisture canopy open 
I - -0.07 -0,28 -0.33 -0.43 
I I - 0.21 0.28 0.19 
I I I - 0.13 0.20 
% s o i l 
moisture 




With n-2 degrees of freedom (84-2 = 82) a c o e f f i c i e n t of 'I 0.3 
or above I s s i g n i f i c a n t at the 0.01 l e v e l ( t w o - t a i l e d t e s t ) 
I t i s c l e a r from Figure 5.8. t h a t the % of s o i l moisture and 
the % of the canopy t h a t i s open i n group 3 are both s i g n i f i c a n t l y 
lower than the same values f o r groups 1 and 2. 
This p a t t e r n i s s i m i l a r t o the r e s u l t s from the e n t i r e data 
set of phase I I when groups 6 and 7 are compared t o groups 1-5 ( F i g u r e 
5.5.). However group 7, c o n s i s t i n g of sub-quadrats i n r e l i c oak 
stands has been e l i m i n a t e d from t h i s a n a l y s i s of B - Plan s u b - u n i t s 
o n l y . Slope appeared t o be more important I n reducing s o i l moisture 
i n group 7, w h i l e the e f f e c t of r a i n f a l l i n t e r c e p t i o n by the canopy 
was more important I n group 6, Likewise, t h i s r a i n f a l l i n t e r c e p t i o n 
by the dense c o n i f e r o u s canopies i n the o l d e r B - Plan sub-units 
of group 3, appears t o be more s i g n i f i c a n t than the e f f e c t of slope 
i n reducing s o i l moisture. The moosehorn readings were at or near 
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F i g u r e 5.8. Means and s t a n d a r d e r r o r s o f t h e % s o i l m o i s t u r e and % o f the canopy open s c o r e s i n the t h r e e 
g r o u n d f l o r a g r o u p s from TWINSPAN a n a l y s i s ( T a b l e 5.9.) 
0% showing no la r g e canopy openings i n group 3 i n c o n t r a s t t o the 
higher values f o r groups 1 and 2 (Figure 5.8.). The mean slopes 
f o r groups 1 and 2, 12.84^ (s.e. = 1.30) and l l - A e " (s.e. = 1,56) 
r e s p e c t i v e l y , are not s i g n i f i c a n t l y steeper than t h a t of group 3, 
16.25*(s.e. = 2.11). Hence the c l o s i n g of the canopy as the B - Plan 
sub-units 'age* reduces s o i l moisture and a v a i l a b l e l i g h t . These 
environmental changes are r e f l e c t e d i n the changes i n the ground 
f l o r a from groups 1 and 2 t o group 3. 
5.4. Successional changes under B - Plan 
5.4.1. Changes i n species number and abundance w i t h i n c r e a s i n g 
age of the B - Plan sub-units 
Figures 5. 9., 5.10., and 5.11. show the t r e n d over time i n 
B - Plan sub-units o f : 
a) the mean t o t a l number of species per sub-quadrat; 
b) the mean abundance value (cover + frequency) per sub-quadrat; 
c) the t o t a l abundance (summed cover + frequency) per 
sub-quadrat. 
To c a l c u l a t e these abundance values, the Domin numbers were 
transformed using the system of Bannister (1966) t o a combined cover 
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Figure 5,9. Mean t o t a l number of species per sub-quadrat and standard 
e r r o r s versus time since l a s t c l e a r i n g i n B - Plan 
sub-units - phase I I ground f l o r a survey 
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Figure 5.10. Mean abundance (combined cover + frequency a f t e r Bannister, 1966) per 
sub-quadrat and standard e r r o r s versus time since l a s t c l e a r i n g i n 
B - Plan sub-units - phase I I ground f l o r a survey 
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Figure 5.11. T o t a l abundance (summed cover + frequency a f t e r 
Bannister, 1966) per sub-quadrat and starx3ard e r r o r s 
versus time since l a s t c l e a r i n g i n B - Plan sub-units 
phase I I ground f l o r a survey 
These t r a n s f o r m a t i o n s were used because when the Domin scale i s 
used f o r cover and/or frequency the r e l a t i o n s h i p i s n o n - l i n e a r and 
i s not a p p r o p r i a t e f o r d i r e c t averaging (Grubb et^ a l . , 1982). 
The species number and abundance values i n Figures 5.9.-5.U. 
decrease w i t h i n c r e a s i n g time since the l a s t c l e a r i n g of the B - Plan 
sub- u n i t s . However, i n a l l t hree graphs there i s a r i s e between 
year one and two w i t h the downward t r e n d beginning at two years. 
This suggests t h a t there i s a l a g of one year before the ground 
f l o r a responds t o c l e a r i n g reaching i t s maximum abundance and 
d i v e r s i t y . Bormann and Likens (1979) d e s c r i b i n g t h e i r c l e a r - c u t t i n g 
experiments s t a t e : 
"... b i o t i c r e g u l a t i o n of l a r g e losses of water and d i s s o l v e d 
n u t r i e n t s i s e s t a b l i s h e d i n three t o f i v e years a f t e r c u t t i n g , 
but losses may exceed those of an uncut f o r e s t f o r 10 t o 20 
years." ( p . 162) 
I n T a v i stock Woodlands, where the area c u t . i s the e q u i v a l e n t 
to the l o s s of o n l y one or two t r e e s , the ground f l o r a covers the 
ground a f t e r o n l y one year. Hence, i t i s reasonable t o suppose 
t h a t water and n u t r i e n t losses are l i k e l y t o be much less than i n 
a c l e a r - f e l l e d area. Gross p a r t i c l e e r o s i o n i s c o n t r o l l e d by dead 
organic matter i n the f o r e s t f l o o r , but a f t e r two years t h i s c o n t r o l 
breaks down due t o decomposition and mechanical f a c t o r s . I f revegeta-
t i o n has not taken place t o exert c o n t r o l over the e r o s i o n , as i n 
Bormann and Likens* experiment, where they kept the ground a r t i f i c i a l l y 
bare, severe e r o s i o n can take place (Bormann and Likens, 1979). 
I n Figure 5.9, the d i f f e r e n c e between the v a l u e s f o r s p e c i e s 
numbers at one + two years a f t e r c l e a r i n g compared t o t h o s e a t 
19 + 20 years i s s i g n i f i c a n t l y d i f f e r e n t (p = 0.0083) using a 
o n e - t a i l e d d i r e c t i o n a l Mann-Whitney U-test. 
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The mean number of species i s lower than expected i n some 
quadrats soon a f t e r c l e a r i n g , because when one species becomes 
p a r t i c u l a r l y abundant, the number of species decreases due t o the 
com p e t i t i o n a f f o r d e d by the aggressive species. This i s p a r t i c u l a r l y 
t r u e f o r the grasses i n quadrat 13, stages IV and V, where the mean 
and t o t a l abundance i s greater than i n the ol d e r s u b - u n i t s , but 
the t o t a l number of species i s lower, P t e r i d i u m has the same e f f e c t 
i n quadrat 15 stages I I I and IV. Both the grass i n quadrat 13, 
Deschampsia flexuosa and the P t e r i d i u m have been shown t o have 
a l l e l o p a t h i c e f f e c t s on other p l a n t s ( R i c e , 1974). This may e x p l a i n 
t h e i r c o m p e t i t i v e advantage. Likewise, i n the o l d e s t sub-units where 
fe r n s are dominant, the t o t a l abundance i s higher than would be 
expected, as i n quadrat 44 at 17 years (Figure 5.11.). 
I n Figure 5.9. at 13 and 17 years, the species numbers are 
not i n l i n e w i t h the general t r e n d . The higher values are caused 
p a r t i a l l y by a higher number of bryophytes - f o u r i n 13.12 and f i v e 
i n 17.12, both at 13 years a f t e r c l e a r i n g . At 17 years a f t e r c l e a r i n g , 
there are only two sub-quadrats of t h i s age, both i n quadrat 44. 
Again, the unusually high species number i s caused by the a d d i t i o n 
of f e r n s t o the other species. Apart from the unusual ground f l o r a 
i n t h i s quadrat, r a b b i t damage has k i l l e d most of the tr e e s i n these 
17 year o l d s u b - u n i t s , stages I and I I . Hence many of the t r e e s 
here have been r e p l a n t e d and l o s t s e v e r a l times. This has r e s u l t e d 
i n c o n t i n u a l disturbance through p l a n t i n g , weeding and r a b b i t s , 
thus i n c r e a s i n g the number of species a r t i f i c i a l l y . 
I n Figure 5 . ia the t r e n d i s f o r the mean abundance value per 
sub-quadrat t o decrease w i t h time from the l a s t c l e a r i n g . The 
d i f f e r e n c e between the values at one + two years and those at 19 + 
20 years i s s t a t i s t i c a l l y s i g n i f i c a n t (p = 0.0004) using a o n e - t a i l e d 
d i r e c t i o n a l Mann-Whitney U-test. 
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I n Figure 5.11. the t r e n d i s again down and w i t h a decrease 
i n the mean t o t a l abundance (summed cover + frequency values) per 
quadrat over time since the l a s t c l e a r i n g . The d i f f e r e n c e between 
the values at one + two years and those at 19 + 20 years i s s t a t i s -
t i c a l l y s i g n i f i c a n t (p = 0.0010) using a o n e - t a i l e d d i r e c t i o n a l 
Mann-Whitney U-test, 
5.4,2. Successional changes i n species composition w i t h i n c r e a s i n g 
time since the l a s t clearance of B - Plan sub-units 
The f i r s t two groups of the TWINSPAN a n a l y s i s of the B - Plan 
sub-quadrats (Table 5.8.) are not s i g n i f i c a n t l y d i f f e r e n t i n time 
since l a s t c l e a r i n g from each o t h e r . However, they are s i g n i f i c a n t l y 
d i f f e r e n t from the t h i r d group. There also appears t o be a succes-
s i o n a l species change over time. Table 5.11. shows t h i s using the 
species present i n 1981 survey i n the B - Plan s u b - u n i t s . The sub-
u n i t s are d i v i d e d i n t o f o u r age groups - 19-20, 12-14, 5-8 and 1-2 
years a f t e r the c l e a r i n g . Quadrats 32,38 and 19, which are even-
aged p l a n t a t i o n s , are also i n c l u d e d f o r comparison. The species 
l i s t f o r quadrat 32 i s taken from the 1982 data, the 1981 data were 
c o l l e c t e d o n l y s i x months a f t e r c l e a r i n g . The l i s t f o r quadrat 
38 i s a combination of 1981 and 1982 data - s i x and seven years 
a f t e r c l e a r i n g . The sub-quadrats sampled i n 1981 i n quadrat 38 
were d i f f e r e n t from those i n 1982. The stakes i n quadrat 38 were 
d i s t u r b e d d u r i n g weeding and brashing operations d u r i n g t h i s t ime. 
The species l i s t f o r quadrat 19 was t h a t recorded i n 1981, which 
was e x a c t l y the same as t h a t i n 1982. 
Many species i n Table 5.11. appear t o be r e l a t i v e l y constant 
throughout the B - Plan c y c l e t o date, other species appear abun-
d a n t l y a f t e r clearing a sub-unit then disappear a f t e r s everal years, 
w h i l e others l i n g e r on longer, 
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Table 5,11. Successional species changes i n B - Plan sub-units - phase I I ground flora survey 
to to 
19-20 years 
Years since last clearing 
12-14 years 5-8 years 1-2 years 
Quadrat numbers: 56 55 54 51 40 17 15 13 56 55 54 44 23 19 17 15 13 56 55 54 38 23 17 15 14 13 9 4 56 55 44 32 23 17 15 14 13 9 
Hypn eric + + + + + + + + + + + + + + + + + + + + + + + 
Loph bleu + + + + + + + + + + + + + + + + + + + + + + + 
Fubu frut + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
Eurh prae + + + + + + + + + + + + + + + + + + + + + + + + 
Hede heU + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 
Lonl perl + + + + + + + + + + + + + + + + + + + + + 
Diet hete + + + + + + + + 
Ulex gall + 
Dicr scop + + + + + 
Mela prat + + 
Hypn resu + + + + + + + + + 
Poly form + + + + + + 
Acer pseu + + 
I Thud tama + s* Isop eleg + + + 
Blec spic + + + + + + + + + + + + + 
Athy f i l l + + + + + + + 
Rhodo pont + 
Pseu mens + + + + + + + + + 
Agro capl + + + + + + + + + 
i Ilex aqui + + + + + + 
CO Pter aqui + + + + + + + + + + + + + 
a Care pllu + + + + + + + + 
p Call vulfi + + + + + + + + + + 
o Quer ceit + + + 
Table 5.11. (Contd.) 
19-20 years 
Years since last clearing 
12-14 years 5-6 years 1-2 years 
Quadrat numbers: 56 55 54 51 AO 17 15 13 56 55 54 44 23 19 17 15 13 56 55 54 38 23 17 15 14 13 9 4 56 55 44 32 23 17 15 14 13 9 
8 Dryo Hin 
5 Betu spp. 
6 Desc flex 
+ + 








































Hypn f i l l 
Anth odor 
DLcr c i r r 
Hyac nons 
Dryo f i l l 
+ + 
Group 1 
The constant species i n c l u d e Hypnum cupresslforme var. e r l c e t o r u m , 
Lophocolea spp., Rubus agg., Eurhychium praelongum, Hedera h e l i x 
and Lonicera periclymenum. These species are present i n most of 
the d i f f e r e n t aged s u b - u n i t s , but t h e i r abundance decreases over 
time as the B - Plan canopy closes as i n Figure 5 , l l , 
Group 2 
A second group of species are those t h a t appear l a t e r i n the 
c y c l e , a f t e r the f i r s t sub-units have been c l e a r e d (Table 5.11.). The 
f e r n Athyrlum f i l i x - f e m i n a appears more abundantly l a t e r i n the 
c y c l e and t h r i v e s under the darker p l o t s ( s e c t i o n 8.2.3.). Likewise 
Blechnum s p i c a n t , although present under most c o n d i t i o n s i n T a v i s t o c k 
Woodland, becomes more frequent i n the 12 t o 14 year o l d sub-units 
and remains so through t o 20 years a f t e r c l e a r i n g . 
Group 3 
The t h i r d group of species responds t o B - Plan c l e a r i n g w i t h 
l u x u r i a n t growth and remains through the f o u r cycles i n Table 5.11. 
However i t becomes f a r l e s s frequent and less abundant between 12 
t o 20 years, Calluna v u l g a r i s and Carex p i l i l l f e r a are i n c l u d e d 
i n t h i s group ( s e c t i o n 8,2.2.), Calluna d i s t r i b u t i o n c o r r e l a t e s 
w i t h l i g h t i n t e n s i t y (Chapter 6 ) , i t being able t o t o l e r a t e a 
r e d u c t i o n down t o 40% of l i g h t i n the open (Gimingham, 1960). Under 
the l i g h t e r canopies such as Plnus i n quadrat 4, Calluna i s found 
under both the B - Plan s u b - u n i t s , as w e l l as under the main canopy. 
However, under the Pseudotsuga canopy and under the 19 t o 20 year 
o l d s u b - u n i t s , i t s l o w l y dies out although i t may stay f o r s e v e r a l 
years. I t also appears t o be more frequent i n the areas which were 
f o r m e r l y heath, Carex p i l u l i f e r a f o l l o w s a s i m i l a r p a t t e r n but 
seems l e s s l i k e l y t o remain under the main canopy (section 8.2.2.). For example. 
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under the Quercus canopy of quadrat 32 before f e l l i n g , i t was not 
present, but 18 months a f t e r f e l l i n g i n 1982, i t appeared i n the 
ground f l o r a . I t appeared i n many samples i n the seed bank experiments 
(Chapter 7 ) , as d i d Calluna. 
Group 4 
A f u r t h e r group l i n g e r s on through the 12 t o 14 year stage 
but i s shaded out by 19 t o 20 years. These i n c l u d e Quercus x rosacea, 
Betula spp., Sorbus aucuparia, Vaccinium m y r t i l l u s , M o l l n i a caerulea 
and Deschampsia flexuosa (Table 5,11,). 
Quercus appears t o germinate from seed and regenerate from 
o l d s t o o l s w e l l i n the new B - Plan c l e a r i n g s , as i t competes w e l l 
w i t h other v e g e t a t i o n (Newbold and Goldsmith, 1981), I t i s l e s s 
frequent under the main canopy but t h r i v e s on the edges of rackways 
and r i d e s . Under the dark canopy of the 19 t o 20 year o l d s u b - u n i t s 
i t appears t o be completely shaded out due t o i t s tendency t o e t i o l a t e 
which renders i t s u s c e p t i b l e t o f u n g a l a t t a c k (Newbold and Goldsmith, 
1981), Betula l i k e Quercus i s successful i n recent c l e a r i n g s , on 
edges and under the l i g h t canopy of Pinus, as i n quadrats 4 and 
9, I t appears t o be shaded out by the canopy of the 19 t o 20 year 
o l d B - Plan s u b - u n i t s , (Table 5.11,). However, under the p l a n t a t i o n 
t h i c k e t (quadrat 19), i t i s s t i l l present at 12 t o 14 years, but 
i s r a p i d l y becoming overtopped by the c o n i f e r s . Sorbus i s another 
d i s t i n c t l y successional species i n Tavistock Woodlands. L i k e B e t u l a , 
i t perishes under the canopy of the o l d e s t B - Plan sub-units but i s 
able t o s u r v i v e under l i g h t e r canopies and on edges. Vaccinium 
i s not present i n o l d e r B - Plan s u b - u n i t s , but i s present i n most 
quadrats under the main canopies which are l i g h t e r than the 19 t o 
20 year o l d s u b - u n i t s . Molina a dies out under the older B - Plan 
sub-units but i s u s u a l l y found under the canopy i n the quadrats 
on former heathland. The presence of Deschampsia flexuosa depends 
229 
on high l i g h t i n t e n s i t i e s , as i t i s a sun p l a n t w i t h a high compen-
s a t i o n p o i n t (Packham and Harding, 1982). I t dies out under the 
closed canopy of the 19 t o 20 year o l d s u b - u n i t s , but can be found 
l i n g e r i n g on under the main canopy, dependent on gaps f o r enough 
l i g h t . 
Group 5 
A f i f t h group of species, i n c l u d i n g several coppice species, 
c o l o n i z e a f t e r c l e a r i n g but remain f o r a longer time and u s u a l l y 
disappear a f t e r 12 t o 14 years (Table 5.11.). These i n c l u d e 
Hypericum pulchrum, Luzula p i l o s a , Deschampsia caespitosa, and 
Chamerion a n g u s t i f o l i u m . Hypericum, a coppice species, i s not 
found under the main canopy i n quadrat 23, only under the r e c e n t l y 
c l e a r e d B-Plan sub-units ( s e c t i o n s 7,1. and 8.2.3.). I n quadrat 
55 and 56 i t i s found under the main canopy i n s e v e r a l places 
p a r t i c u l a r l y near the rackways where there i s a gap i n the canopy 
as w e l l as i n the r e c e n t l y c l e a r e d B - Plan sub-units. I t i s abundant 
i n the seed bank (Chapter 7) and hence appears t o remain there f o r 
many years u n t i l a s i t e i s c l e a r e d , whereupon i t germinates. 
Luzula, a coppice species, i s also abundant i n the seed bank (Chapter 
7) and appears t o respond i n a s i m i l a r way t o the Hypericum. 
Deschampsia caespitosa, although not frequent i n Tavistock Woodlands, 
responds by appearing a f t e r c l e a r i n g , dying out a f t e r e i g h t years. 
I t i s found i n a t y p i c a l coppice seed bank (Rackham, 1980aX although 
found o n l y i n one sample taken i n Tavistock Woodlands from quadrat 
54. I t can p e r s i s t under deciduous canopies by m a i n t a i n i n g a p o s i t i v e 
carbon balance before the canopy expands but not apparently under 
the c o n i f e r o u s canopy of B - Plan sub-units (Davy, 1980). I t i s found 
i n the new c l e a r i n g i n quadrat 32, but not i n the o l d e r p l a n t a t i o n 
i n quadrat 38, which a d j o i n s i t . Chamerion was found only i n the 
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B - Plan stages I I and IV of quadrat 17 i n 1981, However, i n 1982 
i t was found i n the most r e c e n t l y c l e a r e d B - Plan sub-units of 
quadrat 14. Although t h i s species can j u s t s u r v i v e I n deep shade, 
due t o i t s rhizomes (Tansley, 1968), i t does not appear t o be 
p e r s i s t e n t under the c o n i f e r o u s canopy of e i t h e r B - Plan or the 
surrounding canopy. Teucrlum scorodonia appears i n the B - Plan 
sub-units 5 t o 8 years o l d and not i n the e a r l i e r or l a t e r ones. 
I t behaves as i t does under t r a d i t i o n a l coppices being abundant 
two t o f i v e years a f t e r c o p p i c i n g but not l a t e r (Packham and Harding, 
1982). 
Group 6 
The r u d e r a l species i n group 6 c o l o n i z i n g j u s t a f t e r c l e a r i n g , 
but gone by the time the next B - Plan subrunlts are cleared 5 t o 8 
years l a t e r , i n c l u d e D i g i t a l i s purpurea, Holcus l a n a t u s , Anthoxanthum 
odoratum, and Hyaclnthoides n o n - s c r l p t a (Table 5.11.). D i g i t a l i s 
i s d e f i n i t e l y an e a r l y successional species i n B - Plan w i t h a short 
l i f e once the canopy begins t o c l o s e . Of the f i v e quadrats where 
i t i s found, i t occurs o n l y i n the e a r l y B - Plan sub-unit i n f o u r 
of them ( s e c t i o n 8,2,1. and Chapter 7 ) . I n the f i f t h , quadrat 44, 
i t i s under a 12 year o l d sub-unit which has s u f f e r e d c o n t i n u a l 
d i s t u r b a n c e due t o r a b b i t damage t o the young t r e e s r e s u l t i n g i n 
s e v e r a l replacements of the trees.and a c o n t i n u o u s l y open s i t e . 
Hyaclnthoides, although i t can s u r v i v e deep shade (Tansley, 1968), 
I s one of the v e r n a l species which decreases as c o n i f e r o u s p l a n t a -
t i o n replace deciduous woodland because i t has o n l y a moderate 
c o l o n i z i n g a b i l i t y . (Peterken, 1981). I n Tavistock Woodlands i t 
i s found p r i m a r i l y along the r i d e s and has. I n quadrat 14, appeared 
i n the most r e c e n t l y c l e a r e d B - Plan sub-unit (Table 5,11. and 
Chapter 8 ) . I t i s not found under the canopy of the a d j o i n i n g e i g h t 
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year o l d B - Plan sub-units nor under the r e s t of the Picea s i t c h e n s l s 
canopy i n quadrat 14. Consequently, i t appears t o be l i k e D i g i t a l i s 
i n i t s response t o canopy c l o s u r e , 
5,4.3, Successional changes w i t h i n c r e a s i n g time since the l a s t 
clearance i n even-aged p l a n t a t i o n s 
The t h r e e even-aged p l a n t a t i o n s sampled quadrats, 19,32 and 
38 also f i t w e l l i n t o t h i s successional p a t t e r n of Table 5.11. 
S i m i l a r l y , the graphs o f t h e i r mean species number, mean abundance 
values and t o t a l abundance(Figures 5.12., 5,13., 5,14.) f o l l o w the 
same downward t r e n d as do the B - Plan i n Figures 5,9,, 5.ia and 
5.11 . 
The values f o r both 1981 and 1982 f o r quadrats 19,32 and 39 
have been graphed (Figures 5.12.-5,14.). As i n the B - Plan sub-
u n i t s , quadrat 32 e x h i b i t s a sharp r i s e I n species numbers and 
abundance between one and two years a f t e r c l e a r i n g . This i s the 
r e s u l t of a response time l a g i n the ground f l o r a . However, u n l i k e 
i n the B - Plan s u b - u n i t s t h e r e appears t o be a sharper decrease 
i n species numbers as the canopy closes. This i s f i r s t l y , because 
there are more species present a f t e r c l e a r i n g a l a r g e r area and 
secondly, because more l i g h t from the sides i s a v a i l a b l e i n the 
B - Plan sub-units t o keep species numbers up (Chapter 6 ) . 
Table 5.12. shows the r e s u l t s of Mann-Whitney U-tests (one-
t a i l e d ) a p p l i e d t o the data i n Figures 5.12,-5,14, The d i f f e r e n c e s 
are p a r t i c u l a r l y s i g n i f i c a n t f o r the average abundance values ( F i g u r e 



















Quadrat 32 Quadrat 38 Quadrat 19 
4 6 8 
Years since clearing for e v e n - a g e d plantation 
15 ' 12 ' 14 " I F 20 
Figure 5,12, Mean t o t a l number o f species per sub-quadrat and standard e r r o r s versus 
time since l a s t c l e a r i n g i n even-aged p l a n t a t i o n s - quadrats 32, 38 and 19-
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Figure 5.13. Mean abundance (combined cover + frequency a f t e r Bannister, 1966) per sub-quadrat 
and standard e r r o r s versus time since l a s t c l e a r i n g i n even-aged p l a n t a t i o n s -
quadrats 32, 38 and 19 - phases I I and I I I ground f l o r a surveys 
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Figure 5.14. T o t a l abundance (summed cover + frequency a f t e r Bannister, 1966) per sub-quadrat 
and standard e r r o r s versus time since l a s t c l e a r i n g i n even-aged p l a n t a t i o n s -
quadrats 32, 38 and 19 - phases I I and I I I ground f l o r a surveys 
Table 5.12. Results of Hann-Whltney U-tests (one t a i l e d -
d i r e c t i o n a l ) on the values from Figures 5.12., 
5.13. and 5.U. ( o n l y s t a t i s t i c a l l y s i g n i f i c a n t 
r e s u l t s included) 







T o t a l abundance 
values per 
sub-quadrat 
1982 32 and 38 0.0203 
1982 32 and 19 0.0464 
1981 32 and 38 0.0005 
1981 32 and 19 0.0260 
1981 38 and 19 0.0037 
1982 32 and 38 0.0294 
1982 38 and 19 0.0027 
1981 32 and 38 0.0005 
1981 38 and 19 0.0416 
1982 32 and 19 0.0157 
1982 38 and 19 0.0294 
5.5. The ground f l o r a - a summary 
1) A n a l y s i s of the phase I ground f l o r a survey (50 quadrats) 
showed f i v e main community types ( s e c t i o n 5.2.2.)- These 
types f o l l o w e d a v e g e t a t i o n a l g r a d i e n t from damp, shade-
l o v i n g p l a n t s t o light-demanding heath species ( s e c t i o n 
5.2.3.). 
2) A n a l y s i s of the phase I I ground f l o r a survey (14 quadrats 
s e l e c t e d from phase I plus s i x new quadrats) r e s u l t e d 
i n s i x main community types ( s e c t i o n 5.3.2.). The types, 
which now i n c l u d e d samples i n B - Plan s u b - u n i t s , again 
showed the v e g e t a t i o n a l g r a d i e n t i n 1 ) . The samples from 
the B - Plan sub-units showed an o r d e r i n g along t h i s g r a d i e n t 
which was s t u d i e d i n d e t a i l i n s e c t i o n 5.3.5. 
3) The v e g e t a t i o n a l community g r a d i e n t was shown t o be c o r r e l a t e d 
w i t h canopy cl o s u r e as a primary g r a d i e n t and s o i l moisture 
as a secondary g r a d i e n t ( s e c t i o n 5.3.3.) 
4) An a l y s i s of the B - Plan sub-units from phase I I showed 
three main community types r e l a t e d t o both past h i s t o r y 
of s i t e s and t o the time since the sub-units were l a s t 
cleared ( s e c t i o n s 5,3.5. and 5.3.6,). 
5) The v e g e t a t i o n a l community g r a d i e n t i n the B - Plan sub-
u n i t s was shown also t o be c o r r e l a t e d w i t h canopy c l o s u r e 
and s o i l moisture ( s e c t i o n 5.3.7,). 
6) •A c l e a r p a t t e r n of successional change i n species numbers 
and abundance, as w e l l as species composition, emerged 
from the a n a l y s i s of the B - Plan sub-units i n phase I I 
( s e c t i o n s 5.4.1, and 5.4.2.). This p a t t e r n was s i m i l a r 
t o t h a t i n three even-aged p l a n t a t i o n s ( s e c t i o n 5.4.3,). 
However, the s i g n i f i c a n t d i f f e r e n c e between the even-aged 
p l a n t a t i o n s and the B - Plan sub-units i s t h a t w h i l e the 
successional changes i n the even-aged p l a n t a t i o n s occur 
over time o n l y , those i n the B - Plan sub-units occur 
i n time and i n space. The successional p a t t e r n over time 
2 
i s r e p l i c a t e d w i t h i n the 400m space of a s i n g l e B - Plan 
u n i t by the 36m^  B - Plan sub-units c l e a r e d v a r y i n g times 
since the beginning of the B - Plan management of T a v i s t o c k 
Woodlands i n 1961, 
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CHAPTER 6. THE LIGHT CLIMATE UNDER B - PLAN MANAGEMENT 
CHAPTER 6. THE LIGHT CLIMATE UNDER B - PLAN MANAGEMENT 
6.1. I n t r o d u c t i o n 
There are f o u r components of the earth's r a d i a t i o n budget, 
which a f f e c t woodlands; g l o b a l r a d i a t i o n ( s h o r t wavelengths), long 
wave r a d i a t i o n and the r e - r a d i a t i o n of both of these (Gay and Knoerr, 
1975). The incoming g l o b a l or t o t a l r a d i a t i o n i s composed of d i r e c t 
r a d i a t i o n from the sun and d i f f u s e r a d i a t i o n s c a t t e r e d by the e a r t h ' s 
atmosphere. The incoming long wave r a d i a t i o n i s e m i t t e d by atmospheric 
gases, e s p e c i a l l y water and carbon d i o x i d e . 
Transmission of g l o b a l short wave r a d i a t i o n , which i n c l u d e s 
the p h o t o s y n t h e t i c a l l y a c t i v e wavelengths, 400-700nm, i s more a f f e c t e d 
by woodland canopies than the long wave r a d i a t i o n , whose t r a n s m i s s i o n 
i s a f f e c t e d by temperature (Anderson, 1964; Gay and Knoerr, 1975). 
The q u a l i t y and q u a n t i t y of the d i r e c t component of g l o b a l r a d i a t i o n 
depends on the sun*s p o s i t i o n and canopy gaps and i s attenuated 
most by the f o r e s t biomass at the top of the canopy. The composition 
of the d i f f u s e component of g l o b a l r a d i a t i o n depends mostly on sky 
c o n d i t i o n , canopy gaps and canopy geometry and i s modified as i t 
passes through a l l l a y e r s i n the canopy (Hutchison and Matt, 1977). 
As a r e s u l t of t h i s , the l i g h t reaching the f o r e s t f l o o r i s r i c h 
i n green and near i n f r a - r e d wavelengths, e s p e c i a l l y under dense 
broadleaf canopies. Coniferous canopies are less s e l e c t i v e i n t h e i r 
a b s o r p t i o n of v i s i b l e wavelengths. Consequently, the seasonal l i g h t 
t r e n d under c o n i f e r s i s s i m i l a r t o t h a t i n the open, w i t h seasonal 
maxima and minima corresponding t o the s o l s t i c e s (Gay and Knoerr, 
1975; Packham and Harding, 1982; Salminen et a l ^ , 1983). I n c o n t r a s t , , 
deciduous canopies have been recognised as having a shade and a 
l i g h t phase, which was f i r s t described by S a l i s b u r y (1916), As 
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a r e s u l t , because the expanded canopy i n t e r c e p t s l i g h t i n the s p r i n g 
and summer, the maximum seasonal r a d i a t i o n i s i n the e a r l y s p r i n g 
and the minimum i s i n the autumn (Hutchison and Matt, 1977). The 
p a t t e r n of t h i s l i g h t a t t e n u a t i o n depends on l e a f area i n d i c e s and 
the arrangement and angles of leaves. This changing p a t t e r n i s 
important i n woodland succession (Packham and Harding, 1982). 
The long wavelengths, the f a r i n f r a - r e d , are absorbed by leaves 
and d i s s i p a t e d as heat through increased t r a n s p i r a t i o n and convection 
(Packham and Harding, 1982). Coniferous canopies have l o w e r albedos 
than deciduous canopies. They are b e t t e r at ' t r a p p i n g * 
s o l a r r a d i a t i o n (Gay and Knoerr, 1975). 
The d i r e c t and d i f f u s e components of g l o b a l r a d i a t i o n can 
be estimated using hemispherical photographs ( s e c t i o n 3.6.2.). 
They have been used i n t h i s study t o examine the r e l a t i o n s h i p between 
t h i s p a r t of the woodland r a d i a t i o n c l i m a t e and the communities 
under B - Plan management. 
6,2. D i s t r i b u t i o n of l i g h t under B - Plan management 
6.2.1. C o r r e l a t i o n s between d i f f u s e and d i r e c t l i g h t and v e g e t a t i o n 
Pope and Lloyd (1975) found t h a t t h e i r s i t e r a d i a t i o n index, 
d e r i v e d from estimates of d i r e c t r a d i a t i o n using hemispherical 
photographs, c o r r e l a t e d w e l l w i t h aspect, s o i l moisture and c e r t a i n 
q u a l i t a t i v e aspects of species d i s t r i b u t i o n . They suggested t h a t 
f u r t h e r i n s i g h t i n t o the r e l a t i o n s h i p s between l i g h t and communities 
could be gained by c o r r e l a t i n g d i r e c t l i g h t estimates from hemis-
p h e r i c a l photographs w i t h species abundance data such as frequency 
or cover. 
Table 6.1. shows the r e s u l t s of Spearman's rank c o r r e l a t i o n s 
between: 
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Table 6.1. Rank c o r r e l a t i o n m a t r i x between the f i r s t three 
.phase IV (August data) ground f l o r a o r d i n a t i o n axes 
and the moosehorn (% of canopy open), d i f f u s e s i t e 
f a c t o r s and d i r e c t s i t e i n d i c e s f o r May and August, 
1982 (n = 111) 
Ground f l o r a axes % of canopy D i f f u s e D i r e c t 
I I I I I I open s i t e f a c t o r s i t e i n d i c e r 
I I 
I I I 
% of canopy 
open 
D i f f u s e 











-0,32 -0,62 -0. 64 
0.14 0.20 -0.36 -0.55 -0. 61 
- - 0.26 0,59 -0. 46 
- -0,11 0,28 0.61 -0. 39 
- 0.17 ' -0.34 -0. 10 
— 0,13 0.23 -0. 23 
0.72 May 0.57 May 
0.71 Aug 0.54 Aug 
0.74 May 0.61 May 





D i r e c t May 
s i t e index Aug 
With n-2 degrees of freedom (111-2 = 109) a c o e f f i c i e n t of _ 0.25 
or above i s s i g n i f i c a n t at the 0.01 l e v e l ( t w o - t a i l e d t e s t ) 
1) the f i r s t t hree DECORANA o r d i n a t i o n axes of the August 
phenological data from phase IV; 
2) the moosehorn readings f o r May and August 1982 expressed 
as a % the canopy open\ 
3) the d i f f u s e s i t e f a c t o r s f o r May and August ( d i f f u s e 
l i g h t under the canopy as a percentage of t h a t i n the 
open, a f t e r Anderson, 1964 - s e c t i o n 3.6,2.); 
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4) the d i r e c t s i t e i n d i c e s f o r May and August (percentage 
c o n t r i b u t i o n of d i r e c t r a d i a t i o n i n the open summed f o r a l l 
the s i x s o l a r t r a c k s , an a d a p t a t i o n of Pope and Lloyd's 
(1975) s i t e r a d i a t i o n index - s e c t i o n 3.6.2.). 
For these l i g h t estimates most of the August values are the same 
as those f o r May except under the deciduous canopy of quadrat 54 
and i n se v e r a l other sub-quadrats where species l i k e P t e r l d i u m 
aquilinum grew l a t e r i n the season and n e c e s s i t a t e d the c a l c u l a t i o n 
of the August values as w e l l . 
A l l of the moosehorn and l i g h t values are s i g n i f i c a n t l y c o r r e l a t e d 
w i t h the f i r s t two o r d i n a t i o n axes. However the values f o r d i f f u s e 
and d i r e c t l i g h t show much higher c o r r e l a t : i o n w i t h the v e g e t a t i o n 
a x i s than do the moosehorn values. Undoubtedly t h i s i s because the 
moosehorn estimates the cover of only a small p o r t i o n of the canopy 
immediately overhead e m i t t i n g d i f f u s e l i g h t and does not take i n t o 
account the q u a n t i t y of d i r e c t l i g h t reaching the s i t e which i s 
dependent on aspect as w e l l as canopy c l o s u r e . 
The c o r r e l a t i o n s f o r d i f f u s e and d i r e c t l i g h t values decreases 
s l i g h t l y from May t o the August values. The reason f o r t h i s s l i g h t 
decrease l i e s i n the deciduous canopy of quadrat 54. There the ground 
f l o r a f l o u r i s h e d e a r l i e r i n the season, when the canopy was l e s s 
dense, r e s u l t i n g i n the higher May values. By August the deciduous 
canopy was f u l l y developed and the r e l a t i o n s h i p between the ground 
f l o r a axes and l i g h t i s reduced. 
6.2.2. R e l a t i o n s h i p between TWINSPAN c l a s s i f i c a t i o n groups 
and the DECORANA o r d i n a t i o n l i g h t data 
Using TWINSPAN t o c l a s s i f y the August data from phase IV, the 
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'Table 6.2. TWINSPAN c l a s s i f i c a t i o n t a b l e 
f l o r a s u r v e y - August d a t a 
phase IV - ground 
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Table 6.3. shows a summary of these groups w i t h the main quadrats 
r e p r e s e n t a t i v e of each group, the past h i s t o r y of the quadrats, the 
i n d i c a t o r s and p r e f e r e n t i a l s , the mean d i f f u s e s i t e f a c t o r s and the 
mean d i r e c t s i t e i n d i c e s . 
The same data were also o r d i n a t e d using DECORANA, Figure 6.1. 
shows the s i x TWINSPAN groups p l o t t e d on the o r d i n a t i o n , axes I x 
I I , as w e l l as the sub-quadrat numbers. Figure 6.2. shows the same 
o r d i n a t i o n w i t h the d i f f u s e s i t e f a c t o r s f o r each sub-quadrat and 
Figure 6.3. shows the d i r e c t s i t e i n d i c e s f o r each sub-quadrat. 
Figures 6.2. and 6,3. show the l i g h t e r sub-quadrats on the l e f t side 
w i t h the darker ones on the r i g h t s i d e . This l i g h t - d a r k a x i s appears 
t o run d i a g o n a l l y from the top l e f t - h a n d corner t o the bottom r i g h t -
hand corner. The sub-quadrats w i t h the average values are aggregated 
i n the c e n t r e . This confirms the high c o r r e l a t i o n of l i g h t w i t h 
the f i r s t a x i s o f the ground f l o r a data i n Table 6.1. 
Both the mean d i f f u s e s i t e f a c t o r s and the mean d i r e c t s i t e 
i n d i c e s f o r each group decrease l i n e a r l y from group 1 t o group 6 
(Table 6.3.). Table 6.4. shows t h a t these d i f f e r e n c e s between groups 
analysed w i t h the Mann-Whitney U-test ( t w o - t a i l e d ) , are s i g n i f i c a n t 
i n most cases, between a l l but a d j o i n i n g groups. I t i s apparent 
from these means t h a t the v e g e t a t i o n i n each sub-quadrat i s c l o s e l y 
r e l a t e d t o the amount of short wave l e n g t h r a d i a t i o n reaching the 
s i t e . 
Discussion of the main ground f l o r a community types from the 
phase IV August data 
Group 1 
This group contains only sub-quadrats of quadrat 4 (Table 6.3.), 
I t has the highest mean d i f f u s e s i t e f a c t o r and d i r e c t s i t e index 
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Table 6,3. The main TWINSPAN groups onerglng from the classification of the August data from phase IV (only those quadrats with two or npre 
sub-quadrats i n the group are included ) 
Group Number of Quadrats % of Past Indicators i n order Preferentials with 
\ 
Mean diffuse site factor Mean direct site index sub-quadrats sub-quadrats history Importance with • • percentage constancy May fe.e. ) Aug (s.e.) May (s.e.) Aug (s.e,) 
from quadrat percentage constancy to group 
i n group to group 
1 12 4 100% heath Mollnea caerulea 75% Calluna vulgaris 42% 47 (3.93) 43 (4.21) 49 (3.83) 45 )3.04) 
Hypnum cupressif orme 
var. resuplnatum 67% 
Ulex g a i m 50% 
Betula pendula 50% 
2 17 9 75% C.W.* Pterldium aquHlnum 59% Pseudoschleropodium 38 (3,58) 34 (3.33) 44 (2.34) 40 (2.52) 
54 36% Vaccinium rayrtiUus 59% purum 35% 
Quercus x rosacea 59% Teucrium scorodonia 24% 
Hedera helix 94% Sorfaus aucuparia 24% 
3 43 13 94% c.w. Agrostis capillarls 30% Luzula pilosa 26% 33 (2.32) 31 (2.31) 37 (2.45) 34 (2.53) 
56 63% c,w. Agrostis stolonifera 23% 
55 38% c.w. Lonicera peridymenum 70% 
54 36% c.w. Brash/logs 60% 
14 20% heath 
9 17% c.w. 
4 24 14 73% heath Brash/logs 88% F.urychlum praelongum 25% 26 (1.92) 26 i (2,07) 28 (2,00) 27 (2.16) 
55 31% c.w. Loi^iocolea spp. 63% 
54 29% c.w. Hedera helix 100% 
56 19% c.w. Rubus agg. 71% 
5 8 52 88% c.w. Vaccinium myrtlHus 63% Dicranella heteromalla 18 (2.57) same as May 26 (2.86) same as May 
Isopteryglum elegans 50% 
Pteridium aqiilllnum 38% 
38% 
Dlcranium scoparium 63% 
Hypnum cupressif orme 
var. cupressLforme 25% 
Calluna vulgaris 25% 
Pseudotsuga menzlesii 38% 
Bare s o i l 38% 
c.w. =• continuously wooded 
Table 6.3. (Contd.) 
Group Number of Quadrats % of Past Indicators i n order Preferentlals with Mean diffuse site factor Mean direct site index 
sub-quadrats sub-quadrats history importance with percentage constancy May (s.e.) Aug (s.e.) May (s.e.) Aug(s.e.) 
from quadrat percentage constancy to group 
i n group to group 
55 
56 
31% c.w. Blechnum spicant 57% 
13% c .w. Athyrium fillx-femina 
57% 
Isopterygium elegans 29% 12 
Polytrlchum formosum 57% 
Rhododendron pontlcum 29% 
Rotting stumps 29% 
Rocks/stones 29% 
(2.53) same as May 11 (2.29) sane as May 
c .w. = continuously wDoded 
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Figure 6.1. DECORANA s i t e o r d i n a t i o n of August data from the phase IV ground f l o r a survey showing TWINSPAN 
groups (Table 6.3.) and sub-quadrat numbers 












































F i g u r e 6.2. DECORANA s i t e o r d i n a t i o n o f August d a t a from t h e phase I V ground f l o r a s u r v e y w i t h t h e d i f f u s e 
s i t e f a c t o r s . for each s u b - q u a d r a t i n F i g u r e 6.1. (May v a l u e s i n b r a c k e t s i f d i f f e r e n t from 
August v a l u e s ) 
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F i g u r e 6.3. DECORANA s i t e o r d i n a t i o n o f August d a t a f r o m t h e phase IV ground f l o r a s u r v e y w i t h t h e d i r e c t 
s i t e i n d i c e s f o r each s u b - q u a d r a t i n F i g u r e 6.1. (May v a l u e s i n b r a c k e t s i f d i f f e r e n t from 
August v a l u e s ) 
of a l l the TWINSPAN groups. The v a l u e s f o r both d i f f u s e and d i r e c t 
l i g h t a r e s i g n i f i c a n t l y d i f f e r e n t from those i n a l l the other groups 
except f o r group 2 ( T a b l e 6.A.). 
As expected under a l i g h t Pinus canopy on former heathland, 
the i n d i c a t o r s and p r e f e r e n t i a l a r e l i g h t demanding heath s p e c i e s , -
Molinea c a e r u l e a , Ulex g a l l i i , B e t u l a pendula^ and C a l l u n a v u l g a r i s . 
Molinea c a e r u l e a , a t y p i c a l heathland g r a s s , o c c u r s i n the h i g h e s t 
number of sub-quadrats i n t h i s group, 75% 
Table 6.4. Comparisons of the d i f f u s e s i t e f a c t o r s and d i r e c t 
s i t e i n d i c e s f o r the TWINSPAN groups of phase IV 
(August d a t a ) u s i n g Mann-Whitney U - t e s t ( t w o - t a i l e d ) 
# 
Groups 1 2 3 4 5 
^ I - - -
- -
2 ^ n.s. - - - -^ b n. s . — — — — 
o a 0.0118 n.s. - - -
^ b 0.0492 n.s. - - -
A 3 0.0012 0.0487 n.s. - -
b 0.0001 0.0003 n.s. — — 
0.0114 0.0122 0.0259 n.s. -
^ b 0.0018 0.0122 n.s. n.s. -
f. a 0.0008 0.0080 0.0009 0.0027 n.s. 
^ b 0.0005 0.0002 0.0010 0.0008 0.0046 
a = D i f f u s e s i t e f a c t o r s compared 
b = D i r e c t s i t e i n d i c e s compared 
n.s. = not s i g n i f i c a n t 
An attempt was made i n phase IV to s e p a r a t e B e t u l a pendula and 
B. pubescens and t h e i r p o s s i b l e h y b r i d s . The p o s s i b l e h y b r i d s 
were c l a s s i f i e d as tending to one or the other s p e c i e s . No 
c l e a r d i s t r i b u t i o n p a t t e r n emerged. 
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On the s i t e o r d i n a t i o n ( F i g u r e 6.1.) group 1 i s p o s i t i o n e d 
on the extreme l e f t - h a n d s i d e , r e f l e c t i n g i t s d i s t i n c t heathland 
v e g e t a t i o n , as w e l l as i t s high l i g h t v a l u e s shown i n F i g u r e s 6,2. 
and 6,3. 
Group 2 
T h i s group ( T a b l e 6.2.) i s composed p r i m a r i l y of the sub-quadrats 
of quadrats 9 and 54. I t has the second h i g h e s t mean l i g h t v a l u e s 
( T a b l e 6 . 3 , ) . Hence i t c o n t a i n s , i n a d d i t i o n to t h r e e sub-quadrats 
under the main canopy of quadrat 54, the two most r e c e n t l y c l e a r e d 
sub-quadrats, 54,13 and 54,14. T h i s i s a r e f l e c t i o n of the abundant 
and d i v e r s e v e g e t a t i o n a f t e r B - P l a n c l e a r i n g has d i s t u r b e d the 
s o i l and i n c r e a s e d the q u a n t i t y of l i g h t r e a c h i n g the s i t e . Both 
d i f f u s e and d i r e c t l i g h t v a l u e s I n t h i s group are s i g n i f i c a n t l y d i f f e r e n t 
from those of groups 4,5 and 6, but not from those of the a d j o i n i n g 
groups 1 and 3 ( T a b l e 6 . 4 . ) . 
The i n d i c a t o r s , ( T a b l e 6,3.) P t e r l d i u m a q u i l i n u m , Vaccinium 
m y r t i l l u s and Quercus x r o s a c e a , a r e s p e c i e s c h a r a c t e r i s t i c of l i g h t 
oak woodland ( T a n s l e y , 1939; Bunce, 1982). The f o u r t h i n d i c a t o r 
Hedera h e l i x i s c h a r a c t e r i s t i c of secondary woodland (Rackham, 1980a) 
which both 9 and 54 a r e s i t e d i n . Of the t h r e e p r e f e r e n t i a l s ( T a b l e 
6.3.), Teucrium s c o r o d o n i a , i s a s s o c i a t e d w i t h the P t e r i d l u m on a c i d 
brown e a r t h s i n woodland (Bunce, 1982). The moss PseudoscZleropodium 
purum, i s a s s o c i a t e d w i t h woodland c l e a r i n g s and Sorbus a u c u p a r i a 
p r e f e r s l i g h t e r canopied p l a n t a t i o n s such as Quercus, Fagus, and 
L a r i x (Anderson, 1979). 
On the s i t e o r d i n a t i o n ( F i g u r e 6,1,) group 2 i s a c o h e s i v e 
group on the l e f t - h a n d s i d e w i t h the s i t e s having h i g h e r l i g h t v a l u e s 
( F i g u r e s 6.2. and 6 . 3 . ) . 
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Group 3 
As expected of a l a r g e mixed group, group 3 I s i n the c e n t r e 
of the TWINSPAN Table 6,2., where the l e a s t d i s t i n c t s i t e s are c l a s s i f i e d 
(Gauch, 1982), U n l i k e groups I or 2, i t has more B - P l a n sub-quadrats 
( 4 9 % ) than the percentage of the t o t a l 111 sampled ( 4 2 % ) . Group 
3 c o n t a i n s n e a r l y a l l of the sub-quadrats of quadrat 13 ( T a b l e 6.3,) 
and many of those i n quadrat 56 i n c l u d i n g t h r e e i n more r e c e n t l y 
c l e a r e d s u b - u n i t s , 56.13, 56.14 and 56.15, S i g n i f i c a n t l y , the o n l y 
sub-quadrats of the dark P i c e a s i t c h e n s i s c anopies quadrat 14 i n 
t h i s group are those i n r e c e n t l y c l e a r e d B - P l a n s u b - u n i t s , 14.9, 
14.14 and 14.15. Both s e t s of l i g h t v a l u e s f o r t h i s group are 
s i g n i f i c a n t l y d i f f e r e n t from those of groups 1 and 6, but not from 
those of the a d j o i n i n g groups 2 and 4 ( T a b l e 6 . 4 . ) . The v a l u e s of 
the d i f f u s e s i t e f a c t o r s a r e s i g n i f i c a n t l y d i f f e r e n t from those of 
group 5, but not those of the d i r e c t s i t e i n d i c e s ( T a b l e 6 . 4 . ) . 
The s i n g l e i n d i c a t o r f o r group 3 i s A g r o s t i s c a p i l l a r i s ( T a b l e 
6 . 3 . ) . T h i s s p e c i e s i s found i n woods such as the s i t e of quadrat 
13, t h a t were l e t f o r g r a z i n g i n the past (Hamilton, p e r s . comm.; 
T a n s l e y , 1968). A. c a p i l l a r i s probably has a p e r s i s t e n t seed bank 
(Thompson and Grime, 1979) and hence responds w e l l to B - P l a n c l e a r i n g 
i n the numerous sub-quadrats i n B - P l a n s u b - u n i t s i n t h i s group. 
Of the four p r e f e r e n t i a l s ( T a b l e 6.3.), L u z u l a p i l o s a and A g r o s t i s 
s t o l o n i f e r a a r e c o p p i c i n g s p e c i e s t h a t respond w e l l to c l e a r i n g 
( T a n s l e y ; 1939; Brown,and O o s t e r h u i s , 1 9 8 1 ) . L u z u l a was found to 
p r e f e r sub-quadrats, p a r t i c u l a r l y those i n B - P l a n s u b - u n i t s w i t h 
s i g n i f i c a n t l y g r e a t e r d i f f u s e s i t e f a c t o r s than o t h e r s under the 
surrounding canopy. A. s t o l o n i f e r a was not recorded i n phase I I 
i n the new B - P l a n s u b - u n i t s , c l e a r e d o n l y the p r e v i o u s w i n t e r . 
However, by the second season, t h i s s p e c i e s o b v i o u s l y had had time 
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to respond to the c l e a r i n g and was recorded i n t h e s e sub-quadrats. 
The t h i r d p r e f e r e n t i a l , L o n i c e r a perclymenum, i s an e a r l y s u c c e s s i o n a l 
s p e c i e s a g a i n responding to the l i g h t c l i m a t e a f t e r c l e a r i n g (Werner, 
1979). L i k e w i s e , the f o u r t h p r e f e r e n t i a l i s i n d i c a t i v e of r e c e n t 
B - P l a n c l e a r i n g . 
On the s i t e o r d i n a t i o n ( F i g u r e 6.1.) group 3 i s p o s i t i o n e d 
i n the top c e n t r e , somewhat merged w i t h groups 2 and 4 whose l i g h t 
v a l u e s a r e not s i g n i f i c a n t l y d i f f e r e n t from those of group 3 ( T a b l e 
6 . 4 . ) . A d i s t i n c t sub-group of group 3 o c c u r s a t the v e r y top of 
the o r d i n a t i o n ( F i g u r e 6 . 1 . ) . The seven sub-quadrats, f i v e of which 
are i n r e c e n t l y c l e a r e d B - P l a n s u b - u n i t s , 13.16, 13.17, 13.18, 
14.14 and 14.15, are s e p a r a t e d out from group 3 i n a lower d i v i s i o n 
of the TWINSPAN c l a s s i f i c a t i o n ( T a b l e 6 . 2 . ) . As expected they a r e 
the sub-quadrats w i t h abundant A. c a p i l l a r i s , A. s t o l o n i f e r a and 
r o t t i n g stumps, the i n d i c a t o r s f o r t h i s s u b - d i v i s i o n of group 3. 
S e v e r a l coppice s p e c i e s a r e p r e f e r e n t i a l s f o r t h i s sub-group i n c l u d i n g 
L u z u l a p i l o s a . D i g i t a l i s purpurea and Holcus T anatus (Rackham. 
1980a; Brown and O o s t e r h u i s , 1981)- These sub-quadrats a l l have h i g h 
d i f f u s e s i t e f a c t o r s and high d i r e c t s i t e i n d i c e s ( F i g u r e s 6.2. and 
6.3.) a g a i n i l l u s t r a t i n g the e f f e c t of B - P l a n on the l i g h t c l i m a t e 
which i n t u r n a f f e c t s the ground f l o r a community. 
Group 4 
T h i s group i s composed of the sub-quadrats under c o n i f e r o u s 
c a n o p i e s , P i c e a s i t c h e n s i s or Pseudotsuga m e n z i e s i i , quadrats 14,55 
and 56, as w e l l as the sub-quadrats i n the d a r k e r and o l d e r c o n i f e r o u s 
B - P l a n s u b - u n i t s , w i t h i n the Quercus x r o s a c e a canopy of quadrat 
54, 54.9, 54.10, and 54.11. The mean d i f f u s e and d i r e c t l i g h t v a l u e s 
a r e midway between those of the extreme groups 1 and 6 ( T a b l e 6.3.) 
and s i g n i f i c a n t l y d i f f e r e n t from groups 1,2 and 6, but not from the 
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a d j o i n i n g groups 3 and 5, ( T a b l e 6 . 4 . ) . 
The i n d i c a t o r s and p r e f e r e n t i a l s ( T a b l e 6 . 3 . ) , Lophocolea spp., 
Hedera h e l i x , Rubus agg., and Eurhychium praelongum a r e a l l shade-
t o l e r a n t but can grow i n l i g h t e r s i t e s as w e l l (Watson, .1963;'" Brawn, 
and O o s t e r h u i s , 1981). Eurhychium r a p i d l y r e c o l o n i z e s a f t e r c o p p i c i n g 
and as does Lophocolea h e t e r o p h y l l a on l e f t - o v e r brash ( S t e e l e and 
Welch, 1973). 
On the s i t e o r d i n a t i o n ( F i g u r e 6.1.) group 4 i s p o s i t i o n e d 
i n the middle of the l i g h t g r a d i e n t of i n c r e a s i n g l i g h t and the 
r e s u l t i n g i n c r e a s e d v e g e t a t i o n a l response ( F i g u r e s 6.2. and 6 . 3 . ) . 
Group 5 
T h i s group i s v e r y d i s t i n c t i v e i n t h a t i t c o n s i s t s mainly of 
the sub-quadrats of quadrat 52, the r e l i c oak co p p i c e , w i t h o n l y 
one other sub-quadrat t h a t i n an o l d e r B - P l a n s u b - u n i t s , 56.11 
( T a b l e s 6.2. and 6.3. ) . These sub-quadrats have the second d a r k e s t 
l i g h t c l i m a t e ( T a b l e 6.3.) and both s e t s of d i f f u s e and d i r e c t l i g h t 
f i g u r e s a r e s i g n i f i c a n t l y d i f f e r e n t from those of groups 1 and 2 
(T a b l e 6 . 4 . ) . Only the d i f f u s e s i t e f a c t o r s a r e s i g n i f i c a n t l y d i f f e r e n t 
from those i n group 3 and the d i r e c t s i t e i n d i c e s from those i n group 
6 ( T a b l e 6 . 4 . ) . There i s no s i g n i f i c a n t d i f f e r e n c e between group 
5 and group 4 ( T a b l e 6 . 4 . ) . T h i s might be expected as group 5 was 
pa r t of group 4 i n an e a r l i e r TWINSPAN d i v i s i o n ( T a b l e 6.2.). 
The i n d i c a t o r s f o r group 5, Vaccinium m y r t i l l u s , I s o p t e r y g i u m 
elegans and P t e r l d i u m aquilinum ( T a b l e 6.3.) a r e a l l woodland s p e c i e s 
t h a t can t o l e r a t e some shade ( T a n s l e y , 1968; Smith, 1978). However, 
both Vaccinium and P t e r l d i u m a r e v e r y s p a r s e i n quadrat 52. The 
s i x p r e f e r e n t i a l s i n c l u d e t h r e e s h a d e - t o l e r a n t mosses found i n woodland 
(Watson, 1968), D i c r a n e l l a h e t e r o m a l l a , Dicranium scoparium, and 
Hypnum c u p r e s s i f o r m e v a r . c u p r e s s i f o r m e ( T a b l e 6.3.), The f o u r t h 
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p r e f e r e n t i a l , Pseudotsuga m e n z i e s i i ( T a b l e 6.3.) i s present as s m a l l 
i n d i v i d u a l s most l i k e l y o r i g i n a t i n g from the time when the s i t e was 
l a s t coppiced as Pseudotsuga needs c o n s i d e r a b l e l i g h t f or r e g e n e r a t i o n , 
being a pioneer s p e c i e s ( H o s i e , 1969). They have remained i n a suppres-
sed s t a t e s i n c e then, a b l e to take advantage of h i g h e r l i g h t l e v e l s 
only when the oak canopy i s devoid of l e a v e s . L i k e w i s e another 
p r e f e r e n t i a l s p e c i e s , C a l l u n a v u l g a r i s ( T a b l e 6,3.) i s probably remnant 
from the l a s t c o p p i c i n g around 1916. The f i n a l p r e f e r e n t i a l bare 
s o i l ( T a b l e 6.3.) i s a r e s u l t of the s l o p e , 26", and the l a c k of 
s i g n i f i c a n t ground c o v e r . 
On the s i t e o r d i n a t i o n ( F i g u r e 6 . 1 . ) , the sub-quadrats of group 
5 ar e p o s i t i o n e d at the bottom r i g h t - h a n d c o r n e r , w i t h other sub-
quadrats having low d i f f u s e s i t e f a c t o r s and low d i r e c t s i t e i n d i c e s 
( F i g u r e s 6.2. and 6 . 3 . ) . 
Group 6 
T h i s f i n a l TWINSPAN group of seven sub-quadrats ( T a b l e 6.2.) 
c o n t a i n s those a l l o c a t e d i n the o l d e s t and d a r k e s t B - P l a n s u b - u n i t s 
of quadrats 55 and 56 ( T a b l e 6.3.), as w e l l as on sub-quadrat under 
the main canopy, 56.6. 
The d i f f u s e s i t e f a c t o r s and the d i r e c t s i t e i n d i c e s f o r t h i s 
group are a l l s i g n i f i c a n t l y d i f f e r e n t from those of the other groups, 
except f o r the d i f f u s e s i t e f a c t o r s of group 5 ( T a b l e 6 , 4 . ) . The 
d i r e c t s i t e i n d i c e s of group 5 and of group 6 could be expected to 
be d i f f e r e n t as quadrat 52 i s south-southwest f a c i n g and quadrats 
55 and 56 a r e n e a r l y west f a c i n g . However, the d i f f u s e l i g h t l e v e l s 
might be s i m i l a r as both the Quercus and the c o n i f e r o u s Pseudotsuga 
canopies i n the B - P l a n s u b - u n i t s a r e c l o s e d i n August, 
The i n d i c a t o r s f o r group 6 a r e both s h a d e - t o l e r a n t f e r n s , 
Blechnum s p i c a n t and Athyrium f i l i x - f e m i n a ( T a b l e 6 . 3 , ) . Athyrium 
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i s e s p e c i a l l y t o l e r a n t of shade s t r e s s , having a low compensation 
point (Packham and Harding, 1982), as w e l l as the a b i l i t y to produce 
spores under low l i g h t c o n d i t i o n s ( s e c t i o n 8.2.3.)- However, because 
i t can a l s o grow i n l i g h t c o n d i t i o n s , the d i f f u s e s i t e f a c t o r s f o r 
the sub-quadrats where i t i s found a r e not s i g n i f i c a n t l y d i f f e r e n t 
from the v a l u e s of those under the surrounding canopy ( s e c t i o n 8.2.3.) 
Of the f i v e p r e f e r e n t i a l s , ( T a b l e 6.3.), t h r e e a r e a l s o shade t o l e r a n t 
woodland species^, I s o p t e r y g i u m e l e g a n s , P o l y t r i c h u m formosum and 
Rhododendron ponticum (Clapham et a l , , 1962; Watson, 1968). The 
f o u r t h p r e f e r e n t i a l , r o t t i n g stumps, i s the remnant of the p r e v i o u s 
canopy c l e a r e d 20 y e a r s b e f o r e . The r o c k s and stones are the r e s u l t 
of the s l o p e , 19*, w i t h l i t t l e ground cover f a c i l i t a t i n g the exposure 
of s u r f a c e r o c k s . 
The sub-quadrats of group 6 a r e p o s i t i o n e d on the extreme r i g h t -
hand s i d e of the o r d i n a t i o n ( F i g u r e 6.1.) as might be expected of 
those s i t e s w i t h l i t t l e l i g h t and s p a r s e ground f l o r a ( F i g u r e s 6.2. 
and 6 . 3 , ) . 
6.3. The l i g h t c l i m a t e under B - P l a n management - a summary 
Four c l e a r g r a d i e n t s emerged from these TWINSPAN and DECORANA 
a n a l y s e s : 
a) l i g h t ; 
b) canopy type; 
c ) time s i n c e l a s t B - P l a n s u b - u n i t c l e a r i n g ; 
d) community g r a d i e n t from the most to the l e a s t l i g h t -
demanding s p e c i e s ; 
Taken together these four provide a c l e a r i n d i c a t i o n of the 
importance of v a r i a t i o n i n the l i g h t c l i m a t e under B - P l a n , 
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a) L i g h t 
I n both the TWINSPAN c l a s s i f i c a t i o n and the DECORANA o r d i n a t i o n , 
a d i s t i n c t g r a d i e n t of d e c r e a s i n g l i g h t emerged. The mean d i f f u s e 
s i t e f a c t o r s and the mean d i r e c t s i t e i n d i c e s f o r each of the s i x 
TWINSPAN groups d e c r e a s e s s i g n i f i c a n t l y from group 1 to group 6 
( T a b l e s 6.3. and 6.4 . ) . T h i s g r a d i e n t i s a l s o observed i n the o r d e r i n g 
of the sub-quadrats i n the DECORANA o r d i n a t i o n . A l i n e drawn from 
the upper l e f t - h a n d c o r n e r to the lower r i g h t - h a n d corner corresponds 
to t h i s g r a d i e n t of d e c r e a s i n g l i g h t ( F i g u r e s 6.1.-6.3.). 
b) Canopy type 
The main canopy types i n the TWINSPAN c l a s s i f i c a t i o n change 
from the l i g h t Pinus c a n o p i e s , i n groups 1 and 2, through the open 
deciduous canopies of Quercus and L a r i x i n groups 2 and 3, the d a r k e r 
P i c e a s i t c h e n s i s and Pseudotsuga m e n z i e s i i c a nopies of group 4, 
the c l o s e d Quercus x r o s a c e a canopy of group 5 and f i n a l l y to the 
ve r y dark Tsuga h e t e r o p h y l l a and Thuja p l i c a t a c a n o p i e s i n the o l d e s t 
B - P l a n s u b - u n i t s . 
T h i s t r e n d f o l l o w s t h a t of r e l a t i v e i l l u m i n a t i o n ( d i f f u s e s i t e 
f a c t o r measured on a grey day a s a percentage of the simultaneous 
r e a d i n g i n the open) d e s c r i b e d by H i l l and Hays (1978) under 43 y e a r 
o l d even-aged p l a n t a t i o n c r o p s . The v a l u e under a Pinus canopy was 
50% and t h a t under P i c e a s i t c h e n s i s 7%. H i l l (1979a) p l a c e s Tsuga 
canopies a f t e r the P. s i t c h e n s i s as the d a r k e s t of a l l c r o p s , L a r i x 
spp. as comparable to Pinus and Pseudotsuga, f i t t i n g i n between Pinus 
and P. s i t c h e n s i s . H i l l and Hays (1978) p r e s e n t d i f f u s e l i g h t v a l u e s 
of 50% under pine c o r r e s p o n d i n g c l o s e l y to those of quadrats 4,9 
and 13, f o r the mean d i f f u s e s i t e f a c t o r under the main canopy, shown 
on Table 6.5. Those under the Pseudotsuga and P. s i t c h e n s i s a r e 
c o r r e s p o n d i n g l y l e s s ( T a b l e 6 , 5 , ) , 
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Table 6.5. Mean d i f f u s e s i t e f a c t o r s and d i r e c t s i t e i n d i c e s 
(May-August where a p p l i c a b l e ) compared to the time 
s i n c e l a s t c l e a r i n g of s i t e where sub-quadrats l o c a t e d ; 
a = mean d i f f u s e s i t e f a c t o r , b = mean d i r e c t s i t e index 
Quadrats Years s i n c e c l e a r i n g 2 6 9 14 15 20 21 30 31 32 37 41 42 
a May 56 42 
a Aug 49 41 
b May 59 43 
b Aug 52 41 
a May 61 29 40 
b May 
t 
56 42 47 
a May 65 13 10 22 34 
a Aug 59 - - 13 32 
b May 58 13 18 26 41 
b Aug 53 - - 24 40 
a May 41 20 24 
b May 35 15 25 
a May-
b May 
a May 55 14 18 35 
a Aug 42 10 14 24 
b May 47 18 31 40 
b Aug 33 13 16 27 
a May 33 30 10 10 28 
a Aug - 22 - - -
b May 33 21 10 12 36 
b Aug - 14 - - -
a May 41 31 5 16 27 
b May 34 18 7 7 36 
13 
14 






The P i n u s canopies quadrats a r e f u r t h e r s e p a r a t e d on the b a s i s 
of past h i s t o r y i n both the c l a s s i f i c a t i o n and o r d i n a t i o n and hence 
occur as d i s t i n c t groups i n both ( T a b l e 6,3. and F i g u r e 6 . 1 . ) , I n 
c o n t r a s t , the e f f e c t of the dark P. s i t c h e n s i s i n quadrat 14 appears 
to have su p r e s s e d the e f f e c t of i t s heathland o r i g i n by shading out 
the l i g h t demanding heath s p e c i e s . Hence, quadrat 14 i s grouped 
w i t h the c o n t i n u o u s l y wooded s i t e s ( T a b l e 6.3; F i g u r e 6 , 1 . ) . 
c ) Time s i n c e l a s t B - P l a n sub-unit c l e a r i n g 
The mean time s i n c e the sub-quadrats i n the B - Pl a n s u b - u n i t s 
were l a s t c l e a r e d f o r each of the TWINSPAN groups i s as f o l l o w s : t 
group mean time i n y e a r s ( s . e . ) 
1 5.00 (0.00) 
2 6.67 (1.48) 
3 7.70 (1.53) 
4 11.33 (2.32) 
5 15.00 (0.00) 
6 18.00 (1.34) 
As a r e s u l t , the youngest sub-quadrats i n B - P l a n s u b - u n i t s a r e 
c l a s s i f i e d on the r i g h t - h a n d s i d e of the Table w i t h a g r a d i e n t of 
i n c r e a s i n g time s i n c e l a s t c l e a r i n g to the o l d e s t sub-quadrats i n 
the o l d e s t B - Pl a n s u b - u n i t s . T h i s i s reproduced i n the o r d i n a t i o n 
and corresponds to the d i a g o n a l l i g h t g r a d i e n t l i n e ( F i g u r e s 6.1. 
to 6. 3 . ) . 
Table 6.5. shows the mean d i f f u s e s i t e f a c t o r and the mean 
d i r e c t s i t e index compared to the time s i n c e l a s t c l e a r i n g of the 
s i t e s where the sub-quadrats were l o c a t e d . For the sub-quadrats 
i n B - P l a n s u b - u n i t s , between 2 and 21 y e a r s , the trend i s from 
high to low l i g h t v a l u e s ( T a b l e 6.5.) f o r each of the qu a d r a t s . 
T h e r e a f t e r , i n the sub-quadrats under the main canopy c l e a r e d 30 
to 42 y e a r s before the h e m i s p h e r i c a l photos were taken i n 1982, the 
l i g h t v a l u e s i n c r e a s e . O b v i o u s l y these v a l u e s under the main canopy 
cannot be se p a r a t e d from the e f f e c t s of B - P l a n management. T h e r e f o r e 
258 
they do not correspond to the lower v a l u e s under even-aged p l a n t a t i o n s 
of comparable age, 30 y e a r s being the d a r k e s t phase i n an even-aged 
c o n i f e r r o t a t i o n a f t e r which t h i n n i n g i n c r e a s e s the l i g h t environment 
( H i l l , 1979a>. These e s t a b l i s h m e n t and t h i c k e t phases correspond 
to the o l d e r B - P l a n s u b - u n i t s where the l i g h t v a l u e s a r e the lowest 
between 9 to 21 y e a r s a f t e r c l e a r i n g . 
The l i g h t v a l u e s ( T a b l e 6.5.), w i t h few e x c e p t i o n s , a r e high 
enough to support a bryophyte community, which w i l l not s u r v i v e below 
2-9% r e l a t i v e i l l u m i n a t i o n , as w e l l as a v a s c u l a r p l a n t community 
which w i l l not s u r v i v e below 10-20% ( H i l l and Hays, 1978). 
T h i s downward t r e n d of l i g h t w i t h i n c r e a s i n g time s i n c e l a s t 
c l e a r i n g i n the B - P l a n s u b - u n i t s corresponds to the same t r ^ n d 
of d e c r e a s i n g s p e c i e s numbers and abundances shown i n F i g u r e s 5.9. 
to 5.11 as w e l l as to t h a t of the s u c c e s s i o n a l t r e n d i n the seed 
bank of fewer s p e c i e s i n common between the seed bank and the ground 
f l o r a w i t h i n c r e a s i n g time s i n c e the l a s t d i s t u r b a n c e shown i n Ta b l e 
7. 1. and F i g u r e 7.3. 
d) Community g r a d i e n t 
F i n a l l y , the v e g e t a t i o n a l response to t h i s l i g h t g r a d i e n t c o r r e s -
ponds w e l l to the change i n the i n d i c a t o r s and p r e f e r e n t i a l f o r each 
TWINSPAN group from 1 to 6. The tren d from light-demanding to shade-
b e a r i n g s p e c i e s i s as f o l l o w s ( T a b l e 6 . 3 . ) : 
Group 1 - the extremely light-demanding h e a t h l a n d s p e c i e s -
i n c l u d i n g Molinea c a e r u l e a , Ulex g a l l i i , B e t u l a pendula 
and C a l l u n a v u l g a r i s . 
Group 2 - the woodland s p e c i e s b e n e f i t t i n g from an open l i g h t wood -
i n c l u d i n g P t e r i d i u m aquilinum, Vaccinium m y r t i l l u s , 
Quercus x r o s a c e a and Hedera h e l i x . 
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Group 3 - the c o p p i c i n g s p e c i e s and s p e c i e s responding q u i c k l y 
to c l e a r i n g d i s t u r b a n c e - i n c l u d i n g A g r o s t i s c a p i l l a r i s , 
A. s t o l o n i f e r a , L u z u l a p i l o s a . D i g i t a l i s purpurea, Holcus 
l a n a t u s and Chamerion a u g u s t i f o l i u m . 
Groups the woodland s p e c i e s a b l e to bear some shade - i n c l u d i n g 
4 and 5 - Lophocolea spp., Hedera h e l i x , Rubus agg., Vaccinium 
m y r t i l l u s and Eurhychium praelongum. 
Group 6 - the t r u e shade t o l e r a n t s p e c i e s - i n c l u d i n g Athyrium 
f i l i x - f e m i n a and Blechnum s p i c a n t . 
The most important c o n c l u s i o n from t h i s p a r t of the study i s 
t h a t l i g h t i s h i g h l y c o r r e l a t e d w i t h v e g e t a t i o n a l g r a d i e n t s and 
B - P l a n management. T h i s changing p a t t e r n of l i g h t does not occur 
over a long p e r i o d of time, as w i t h a 54 year c o n i f e r r o t a t i o n , but 
i s r e p l i c a t e d i n space i n the mosaic of the d i f f e r i n g l i g h t c l i m a t e s 
of each B - P l a n u n i t . Hence the p o s s i b i l i t y e x i s t s f o r p l a n t s and 
i n p a r t i c u l a r woodland s p e c i e s , to f i n d a s u i t a b l e refuge d u r i n g 
the course of a r o t a t i o n . H i l l (1979a) s t a t e s t h a t t h i s i s not p o s s i b l e 
d u r i n g the dark e s t a b l i s h m e n t and t h i c k e t s t a g e s of an even-aged 
c o n i f e r r o t a t i o n . 
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7.1, I n t r o d u c t i o n 
The m a j o r i t y of seed bank s t u d i e s have been conducted i n a r a b l e 
land r a t h e r than i n woodlands (Thompson and Grime, 1979; Brown and 
O o s t e r h u i s , 1981). I n g e n e r a l , seed banks have been r e l a t i v e l y 
u n d e r - r e s e a r c h e d . T h i s i s , i n p a r t , due to the e x p e r i m e n t a l d i f f i c u l t i e s 
i n v o l v e d i n the c o l l e c t i o n and germination of seeds and a l s o to 
the p r a c t i c a l d i f f i c u l t i e s i n o b t a i n i n g enough samples f o r the r e s u l t s 
to be a n a l y s e d f o r s t a t i s t i c a l s i g n i f i c a n c e (Major and P y o t t , 1966). 
Furthermore, the indigenous seed bank i n woodlands has o f t e n been 
thought to be l e s s important i n determining p o t e n t i a l ground f l o r a 
d i v e r s i t y than immigration by wind or more e s p e c i a l l y animal t r a n s p o r t 
(Olmstead and C u r t i s , 1947). Ash and Barkham t e n t a t i v e l y suggested, 
as r e c e n t l y as 1976, t h a t the indigenous seed bank "may o b v i a t e 
the need f o r subsequent immigration of propagules f o r the e s t a b l i s h m e n t 
of p l a n t s new to the s i t e " (p. 6 9 7 ) . Brown and O o s t e r h u i s (1981) 
i n t h e i r study of b u r i e d seed i n coppice woods f i n a l l y concluded: 
t h a t the main r e s e r v o i r of propagules f o r the f l o r i s t i c 
r e c o v e r y of coppice a r e a s by marginal s p e c i e s r e s i d e s i n t h e i r 
s o i l s , r a t h e r than i n the form of p l a n t s i n the neighbouring 
open a r e a s . " (p, 35) 
One consequence of the p a u c i t y of seed bank s t u d i e s i s the c o n f l i c t i n g 
i n f o r m a t i o n on i n d i v i d u a l s p e c i e s behaviour i n seed banks. 
Germination of seeds from the T a v i s t o c k Woodlands seed banks 
f o l l o w i n g B - P l a n s u b - u n i t c l e a r i n g can be d e s c r i b e d as a homeo-
s t a t i c mechanism to prevent the d e g r a d a t i o n of the ecosystem. 
"The mechanism(s) by which g e r m i n a t i o n of b u r i e d seeds i s 
s y n c h r o n i z e d w i t h d i s t u r b a n c e of the ecosystem r e p r e s e n t s 
one of the paramount c o n t r o l f e a t u r e s i n ecosystem dynamics; 
i n a s ense, i t i n i t i a t e s a homeostatic response held i n r e s e r v e 
f o r j u s t such an o c c a s i o n . " (Bormann and L i k e n s , 1979: 
p. H I ) 
The seed bank i n T a v i s t o c k Woodlands r e f l e c t s past management and 
a l s o has p r e d i c t i v e v a l u e f o r f u t u r e d i v e r s i t y . T h e r e f o r e to 
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understand the p l a n t community co m p l e t e l y , i t i s n e c e s s a r y to know 
the p o t e n t i a l c o m p e t i t o r s for the f u t u r e (Major and Pyott, 1966). 
I n c l u s i o n of a s p e c i e s i n a p e r s i s t e n t seed bank i s p a r t of 
the c o m p e t i t i v e s t r a t e g y f o r t h i s s p e c i e s . The s t r a t e g y of seed 
dormancy i n a seed bank a l l o w s s e e d l i n g s to avoid the ' p o t e n t i a l l y 
damaging e f f e c t s ' of e s t a b l i s h e d p l a n t s (Thompson and Grime, 1979). 
Seed banks have been d i v i d e d by Thompson and Grime (1979) 
i n t o four d i f f e r e n t t y p e s . T h i s i s a u s e f u l way to understand and 
c h a r a c t e r i z e the seed bank s t r a t e g i e s of some of the s p e c i e s i n 
T a v i s t o c k Woodlands. Type I c o n s i s t s of s p e c i e s w i t h t r a n s i e n t 
seed banks p r e s e n t only d u r i n g the summer i n which the seeds a r e 
r e l e a s e d . Germination then t a k e s p l a c e i n the same autumn. Many 
common g r a s s e s a r e i n c l u d e d i n t h i s group. Type I I i n c l u d e s those 
s p e c i e s which a l s o have a t r a n s i e n t seed bank but whose seeds, r e l e a s e d 
i n the summer, are dormant over the f o l l o w i n g w i n t e r and r e q u i r e 
s t r a t i f i c a t i o n ( c h i l l i n g ) before g e r m i n a t i o n i n the e a r l y s p r i n g . 
Many s h a d e - t o l e r a n t woodland s p e c i e s such as Hyacynthoides n o n - s c r i p t a 
have t h i s type of seed bank. Types I I I and IV c o n s i s t of s p e c i e s 
w i t h p e r s i s t e n t seed banks and t h e s e two types d i f f e r only i n the 
p r o p o r t i o n of seeds e n t e r i n g the seed bank. I n s p e c i e s belonging 
to the type I I I seed bank, many of the seeds germinate immediately 
a f t e r r e l e a s e , but o t h e r s become p a r t of the p e r s i s t e n t seed bank. 
I n s p e c i e s belonging to type IV, only a few of the seeds germinate 
a f t e r r e l e a s e , w h i l e the m a j o r i t y e n t e r the p e r s i s t e n t seed bank. 
Many of the s p e c i e s i n types I I I and IV are light-demanding 
s p e c i e s of open h a b i t a t s and can t h e r e f o r e be expected to have a 
l i g h t requirement f o r germination and to be i n h i b i t e d from ge r m i n a t i o n 
by d a r k n e s s (Grime and J a r v i s , 1975). S p e c i e s c h a r a c t e r i s t i c of 
oak c o p p i c e s , which comprise a s i g n i f i c a n t p a r t of the ground f l o r a 
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i n T a v i s tock Woodlands, are in c l u d e d i n seed bank types I I I and 
IV. They are species such as Calluna v u l g a r i s , Carex p i l u l i f e r a . 
D i g i t a l i s purpurea, Galium s a x a t i l e , Holcus m o l l i s , Hypericum pulchrum, 
Juncus e f f u s u s , Melampyrum pratense and Teucrium scorodonia a l l found 
more f r e q u e n t l y i n B - Plan sub-units (Table 8,1.). (Rackham, 1980a; 
Brown and Oosterhuis, 1981; Packham and Harding, 1982.) Many of 
these tend t o have small seeds which are t h e r e f o r e e a s i l y b u r i e d 
i n the l i t t e r and subsequently i n c o r p o r a t e d i n the mine r a l s o i l 
probably by i n v e r t e b r a t e a c t i v i t y and r a i n water p e r c o l a t i o n (Howard 
and Ashton, 1967; Harper, 1977). When the s o i l i s d i s t u r b e d and 
the b u r i e d seed surfaces, germination can take place i f c e r t a i n 
l i g h t requirements are met. For ger m i n a t i o n , the r a t i o of red t o 
f a r red must approach t h a t of d a y l i g h t (1:1 - 1:2) and not the much 
lower r a t i o under a canopy (Roberts, 1972). Far red l i g h t i s se l e c -
t i v e l y t r a n s m i t t e d through canopies. This r e d t f a r red r a t i o a f f e c t s 
the e q u i l i b r i u m of the two forms of phytochrome found i n p l a n t s . 
One c u r r e n t t h e o r y , now being i n v e s t i g a t e d , i s t h a t the phytochrome 
a l t e r s the p e r m e a b i l i t y of the seed membrane and hence has a d i r e c t 
e f f e c t on g e r m i n a b i l i t y (Lambton, 1982). I n c o n t r a s t t o these l i g h t -
demanding coppice species, t r u e woodland species able t o bear some 
shade, w i t h t r a n s i e n t type I I seed banks, w i l l germinate under 
c o n d i t i o n s o f low l e v e l s of red and green l i g h t and do not need 
the h igh i n t e n s i t y red l i g h t treatment necessary f o r germination 
i n the light-demanding species l i k e Juncus (Grime and J a r v i s , 1975). 
These woodland species have a c h i l l i n g requirement f o r g e r m i n a t i o n 
but w i l l germinate i n l i g h t or dark and hence are not i n c o r p o r a t e d 
i n t o p e r s i s t e n t seed banks (Grime et aL, 1981). 
7.1.1. The phase IV seed bank study 
The methods used i n t h i s study (Chapter 3 ) , which sampled 
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the s o i l of the phase IV quadrats only once i n 1982, meant t h a t 
a complete q u a n t i t a t i v e a n a l y s i s was not p o s s i b l e . This was f i r s t l y , 
because the numbers of seeds of many species f l u c t u a t e i n t h e i r 
a b i l i t y t o germinate throughout the year on a monthly basis (Thompson 
and Grime, L979). Secondly, the contagious d i s t r i b u t i o n of most 
seeds, excluding those w i t h wind-borne seeds, around a mother p l a n t , 
r e s u l t s i n a high variance between samples, and an i m p r a c t i c a b l y 
l a r g e number of samples would have been necessary f o r s t a t i s t i c a l 
r e l i a b i l i t y (Major and P y o t t , 1966). However, i t i s p o s s i b l e t o 
examine general s p a t i a l d i s t r i b t u i o n s of seeds w i t h i n the study 
s i t e w i t h respect t o B - Plan s u b - u n i t s , as w e l l as w i t h i n the s o i l 
and t o examine successional trends w i t h i n the B - Plan sub-units 
and under the main canopies. The end o f A p r i l was chosen as the 
best time f o r sampling, as the seed bank would i n c l u d e species i n 
the p e r s i s t e n t seed bank, as w e l l as many of the shade-tolerant 
woodland species w i t h seed bank type I I , whose i n n a t e or acquired 
dormancy needs t o be broken by w i n t e r s t r a t i f i c a t i o n (Roberts, 1972). 
The samples were c o l l e c t e d from the 13th t o the 29th of A p r i l 
1982. A f t e r a i r d r y i n g and dark storage, they were placed i n the 
seed t r a y s on June 6 t h ( P l a t e 3.16.) and by the 12th of June the 
f i r s t seedlings had appeared. As i n H i l l and Stevens (1981) study 
of f o r e s t p l a n t a t i o n s , the m a j o r i t y of the seedlings had emerged 
w i t h i n one month of being placed i n the greenhouse ( P l a t e 3.17.). 
The greenhouse was considered s u i t a b l e f o r p r o v i d i n g optimum 
c o n d i t i o n s f o r most species t o germinate and t h a t those not doing 
so would probably not germinate i n the less than optimum f i e l d 
c o n d i t i o n s ( H i l l and Stevens, 1981). Brown and Oosterhuis (1981), 
i n t h e i r study of coppice seed banks, s t a t e d t h a t c o n d i t i o n s a f t e r 
coppice f e l l i n g would approximate t o those i n the greenhouse 
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s u f f i c i e n t l y t o make the r e s u l t s o f t h i s type of germination t e s t 
v a l i d . These c o n d i t i o n s are l i g h t , warmth and moisture, s o i l d i s t u r -
bance, f l u c t u a t i n g temperatures and an increased n i t r a t e l e v e l . 
Coppice c u t t i n g can r e s u l t i n d i u r n a l s o i l temperature f l u c t u a t i o n s 
of up t o 10" (Ash and Barkham, 1976). The e f f e c t of B - Plan c l e a r i n g 
i s probably s i m i l a r t o cop p i c i n g but more l i m i t e d i n e x t e n t . S o i l 
temperature d i f f e r e n c e s of 3-4" were measured between the s o i l under 
mature B - Plan sub-units and t h a t under r e c e n t l y cleared s u b - u n i t s . 
L i g h t o b v i o u s l y increased (Chapter 6 ) , w i t h both coppice c l e a r i n g 
and B - Plan c l e a r i n g . As i n c l e a r - f e l l f o r e s t r y , i t could be expected 
t h a t the n i t r a t e (NO^-N) l e v e l s increase t e m p o r a r i l y under B - Plan 
(Bormann and Likens, 1979). Bormann and Likens suggest t h a t these 
increased n i t r o g e n l e v e l s might be a st i m u l u s t o the high l e v e l s 
of seed germin a t i o n a f t e r a c l e a r - f e l l i n g . However, a f t e r B - Plan 
c l e a r i n g , the ground f l o r a does not appear t o respond w i t h as abundant 
growth as a f t e r a c l e a r - f e l l , suggesting t h a t the s o i l d i s t u r b a n c e 
and r e s u l t a n t enhanced n i t r o g e n l e v e l s are l i m i t e d . Coppice, and 
to a le s s e r extent B - Plan e x t r a c t i o n and r e p l a n t i n g , create l o c a l 
s o i l d i s t u r b a n c e . Moisture under B - Plan and, i n the southwest 
g e n e r a l l y , i s probably not as l i m i t i n g a f a c t o r as Brown and 
Oosterhuis (1981) suggest i t might be under coppice c l e a r i n g s . 
B - Plan sub-units are small and seedlings w i t h i n them are a f f o r d e d 
p r o t e c t i o n from wind d e s s i c a t i o n by the surrounding t r e e s . 
The emerging seedlings were i d e n t i f i e d using Chancellor (1966) 
and M u l l e r (1978). When the t r a y s became too crowded, seedlings 
were removed a f t e r i d e n t i f i c a t i o n . U n i d e n t i f i e d seedlings were 
pot t e d up ( P l a t e 3.18.) and allowed t o grow on u n t i l a p o s i t i v e 
i d e n t i f i c a t i o n could be made, i n some cases u n t i l the f o l l o w i n g 
year. Epilobium sp., Taraxacum spp. and Senecio v u l g a r i s seedlings 
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germinated i n the c o n t r o l t r a y s and i n s e v e r a l of the study t r a y s . 
This contamination r e s u l t e d from wind-borne seeds from a f i e l d a d j o i n i n g 
the greenhouse s i t e . These species were e l i m i n a t e d from the study. 
Several samples from quadrat 51, which was not p a r t o f phase IV, 
were taken. The sparse ground f l o r a under t h i s predominantly Fagus 
s y l v a t i c a canopy c o n s i s t e d almost e n t i r e l y of Hedera h e l i x and hence 
the aim was t o see what type of seed bank might e x i s t under the 
very dark 52 year o l d beech canopy. The germination experiment 
was not continued u n t i l the f o l l o w i n g season, apart from the species 
allowed t o grow on f o r i d e n t i f i c a t i o n . I t was f e l t t h a t the q u a l i t a t i v e 
r e s u l t s would not be a p p r e c i a b l y a f f e c t e d by c o n t i n u a t i o n . Brown 
and Oosterhuis (1981) found t h a t f o r the most p a r t only more of 
the same species germinated i n the second year of t h e i r study and 
t h e i r r e s u l t s from the f i r s t year were not changed by the i n c l u s i o n 
of the second year's r e s u l t s . 
7.2. Seed bank succession 
Seed banks of d i s t u r b e d h a b i t a t s tend t o be l a r g e and s i m i l a r 
i n species composition t o the c u r r e n t ground f l o r a (Fenner, 1985). 
Those of r e l a t i v e l y s t a b l e h a b i t a t s , such as u n e x p l o i t e d f o r e s t s 
tend t o be much smaller (Whipple, 1978) and t o bear less r e l a t i o n s h i p 
t o the c u r r e n t ground f l o r a . The nature of B - Plan management 
creates small l o c a l i z e d disturbances of v a r y i n g ages w i t h the species 
number i n the seed bank and i n the ground f l o r a v a r y i n g w i t h age. 
(Figure 5.9.). 
As the ground f l o r a i n a f o r e s t develops a f t e r a d i s t u r b a n c e , 
the species d i f f e r e n c e s between i t and the seed bank increase 
(Costing and Humphreys, 19A0; L i v i n g s t o n and A l l e s s i o , 1968; Thompson 
and Grime, 1979; H a l l and Swaine, 1980; Fenner, 1985). L i v i n g s t o n 
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and A l l e s s i o (1968), i n t h e i r study of a s e r i e s of successional 
f o r e s t s i t e s , found t h a t a l l but the youngest s i t e s had more species 
i n the seed bank than i n the ground f l o r a . Figure 7.1. shows a 
summary of t h e i r r e s u l t s ( f r o m Fenner, 1985). 
The r e s u l t s of the seed bank germination t e s t i n t h i s study 
show s i m i l a r t r e n d s . Figure 7.2. shows the mean number of species 
i n the ground f l o r a f o r sub-quadrats o f a s i m i l a r age and the mean 
number of species f o r the corresponding s o i l germination t e s t samples 
versus time since the l a s t c l e a r i n g e i t h e r f o r B - Plan sub-units 
or f o r pre-B - Plan c l e a r - f e l l i n g . The mean values f o r the number 
of species i n the seed bank are e i t h e r the same or higher than those 
of the ground f l o r a ( F i gure 7.2.), except i n one case. As i n 
L i v i n g s t o n and A l l e s s i o ' s (1968) study, the l e a s t mature s i t e , i n 
t h i s case the most r e c e n t l y c l e a r e d B - Plan sub-units had more 
species i n the ground f l o r a than i n the seed bank. 
The number of species common t o both the seed bank and the 
ground f l o r a also decreases over time. H a l l and Swain (1980) found 
t h a t i n mature f o r e s t s o i l s i n Ghana, some s i t e s had as l i t t l e as 
5% of species common t o both ground f l o r a and seed bank. Figure 
7.3. shows a s i m i l a r t r e n d i n Tavistock Woodlands. The time elapsed 
since the area sampled was l a s t c l e a r e d i s compared t o the percentage 
of species common t o both the seed bank and the ground f l o r a expressed 
as a mean percentage of the combined species l i s t . Some years have 
more than one sample (Figure 7.3.). Quadrat 52 (F i g u r e 7.3.- *) 
p l o t t e d on the end of the graph was probably l a s t d i s t u r b e d by c o p p i c i n g 
around 1916 ( e s t a t e r e c o r d s ) . 
The s i g n i f i c a n c e of these r e s u l t s f o r B - Plan management, 
i l l u s t r a t e d by Figures 7.2. and 7.3., l i e s i n the f a c t t h a t these 
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F i g u r e 7.3 The number o f s p e c i e s common t o b o t h t h e seed bank and t h e ground f l o r a (expressed as a mean 
p e r c e n t a g e o f t h e combined s p e c i e s l i s t ) v e r s u s t i m e s i n c e t he l a s t c l e a r i n g e i t h e r f o r 
B - P l a n s u b - u n i t s o r f o r pre-B - P l a n c l e a r - f e l l i n g 
separated s i t e s of i n c r e a s i n g successional m a t u r i t y , as i n L i v i n g s t o n 
and A l l e s s i o * s (1968) or Costings and Humphrey's (1940) s t u d i e s , 
but r a t h e r w i t h i n the small AOOm^  sampling quadrats of t h i s study. 
Table 7.1. shows the shared species i n the ground f l o r a and seed 
bank as a % of the combined l i s t f o r each quadrat, compared w i t h 
age since the l a s t d i s t u r b a n c e . I t i s obvious from l o o k i n g a t any 
one s i n g l e quadrat i n Table 7.1., t h a t t h i s successional t r e n d i s 
r e p l i c a t e d w i t h i n t h i s confined 400m^  space. This, i s i n c o n t r a s t 
to the usual changing successional p a t t e r n i n the f o r e s t , where 
the seed bank reaches any one stage at only one p o i n t i n time and 
not as i n B - Plan many stages at the same time. Most of the stages, 
from the very youngest t o n e a r l y the o l d e s t (42 y e a r s ) , are represen-
ted i n one AOOm^  quadrat at one p o i n t i n time under B. - Plan manage-
ment combined w i t h the remains of the p r e v i o u s l y c l e a r - f e l l e d canopies. 
I t w i l l be i n t e r e s t i n g t o see i f t h i s successional tr e n d continues 
as B - Plan approaches the complete 54 year r o t a t i o n . 
That i t i s p o s s i b l e t o r e p l i c a t e t h i s p a t t e r n of l o c a l successions 
i n these small areas, l i e s i n the f a c t t h a t the g r e a t e r p a r t of 
a b u r i e d seed bank i s l o c a l and i s not the r e s u l t of imm i g r a t i o n 
(Brown and Oosterhuis, 1981). Brown and Oosterhuis (1981) found 
no c o r r e l a t i o n between see d l i n g species numbers and i n d i v i d u a l seed-
l i n g numbers and the distance t o the nearest r i d e i n coppice woodland. 
For non-wind-borne seeds, e f f e c t i v e d i s p e r s a l i s o n l y a few metres 
from the parent p l a n t ( H i l l and Stevens, 1981). F o r e s t r y o p e r a t i o n s 
may disperse some seed i n mud on machinery and f o r e s t r y worker's 
boots ( H i l l and Stevens, 1981) and some seed may immigrate from 
o u t s i d e , but o n l y i n very low numbers, which do not have.a s i g n i f i c a n t 
e f f e c t on the community (Kellman, 1970), 
2 7 1 
Table 7.1. Species common t o both ground f l o r a and seed bank 
expressed as a percentage of combined l i s t compared 
to the time since area (from which s o i l seed bank 
was taken) was l a s t d i s t u r b e d e i t h e r by c l e a r - f e l l i n g 
or by B - Plan c l e a r i n g 
Years since c l e a r i n g 
Quadrats 2 6 9 14 15 20 21 30 31 32 37 41 42 66 
4 44% 27% 
9 25% 27% 14% 
13 36% 25% 25% 25% 18% 
14 23% 11% 4% 
52 
54 13% 8% 7% 13% 
55 43% 22% 0% 0% 12% 
56 11% 33% 0% 25% 11% 
19% 
7.3. D i s t r i b u t i o n of seed bank species w i t h i n quadrats and w i t h i n 
B - Plan sub-units - past d i v e r s i t y 
Tables 7,2.-7.9. show, f o r each quadrat, the number o f seedlings 
of each species germinating from the s o i l samples f o r both the 0 - 5cm 
(h) l a y e r and the 5 - 10cm (m) l a y e r . Those species not o c c u r r i n g 
i n the ground f l o r a of t h a t quadrat are f o l l o w e d by an a s t e r i s k ( * ) . 
Quadrat 4 
Table 7.2. shows the species developing from the s o i l samples 
taken from quadrat 4. Nine of these (Table 7.2.- *) do not occur 
i n the ground f l o r a surveyed i n phases I - I I I . Seven of these 
occur s o l e l y i n the s o i l samples taken from near the f i r s t e i g h t 
sub-quadrats l o c a t e d i n the area l a r g e l y u ndisturbed by the B -
Plan s u b - u n i t s . This area was l a s t c l e a r - f e l l e d i n 1952. The 
seedlings of these seven species are few i n number and are most 
probably the seed bank r e s u l t i n g from the 1952 c l e a r i n g . Six of 
these - Carex p i l u l i f e r a , Galium s a x a t i l e , Hypericum pulchrum, Juncus 
e f f u s u s , Rumex o b t u s i f o l i a and Veronica o f f i c i n a l i s are light-demanding, 
272 
Table 7,2. Species and numbers of seedlings germinating from s o i l samples. 0-5cm (h) and 5-lOcm (m). 
taken from near each of the sub-quadrats of quadrat 4 
Sub-quadrats 1 2 3 4 5 6 7 8 9-10 11--12 
S o i l l a y e r h m h m h m h m h m h m h m h m h m h m 
Species 
A g r o s t i s c a p i l l a r i s 1 1 5 12 3 7 7 2 7 1 
A g r o s t l s s t o l o n l f e r a 8 24 9 1 14 2 34 8 5 2 1 4 7 
Betula spp. 1 1 I 1 2 
Calluna v u l g a r i s 26 15 17 7 49 4 109 23 65 47 5 46 6 51 10 26 2 40 18 
Garex b i n e r v i s * 2 
Carex p i l u l i f e r a * 5 
Galium s a x a t i l e * 3. 
Holcus l a n a t u s * 1 
Hypericum pulchrum* 4 3 1 1 7 
Juncus e f f u s u s * 67 15 1 1 1 4 
Molinea caerulea 2 1 48 1 1 5 18 6 1 13 2 3 1 
Rubus spp. 13 26 23 5 12 3 27 9 9 2 13 1 2 2 4 1 4 1 3 
Rumex o b t u s i f o l i a * 1 
Ulex g a l l i i 4 8 8 4 13 4 13 1 9 1 20 3 18 26 5 
Vacciniura m y r t i l l u s * 1 
Veronica o f f i c i n a l i s * 6 
species not o c c u r r i n g i n ground f l o r a 
seed bank type I I I / I V species known t o e x i s t i n coppice seed banks 
f o r a t l e a s t 30 t o 40 years (Brown and Oosterhuis, 1981). The seventh 
species i s Holcus l a n a t u s , a species t o l e r a n t of some shaded l o c a t i o n s , 
but o n l y represented i n t h i s seed bank by one i n d i v i d u a l . The seeds 
of t h i s species are considered by Thompson and Grime (1979) t o be 
inc l u d e d i n seed bank type I I I , where many of the seeds germinate soon 
a f t e r r e l e a s e . L i k e many of the grasses, these seeds are dark germinated 
However, some seeds become p a r t of the p e r s i s t e n t seed bank. The 
co m p e t i t i v e s t r a t e g y of Holcus i s f o u r - f o l d . F i r s t , some of i t s seeds 
can germinate immediately and develop i f they reach a s u i t a b l e s u b s t r a t e . 
Second, other seeds can become p a r t of the p e r s i s t e n t seed bank, 
w a i t i n g f o r s u i t a b l e c o n d i t i o n s t o occur. T h i r d , i t can spread 
v e g e t a t i v e l y . Fourth, i t can t o l e r a t e some shade-induced s t r e s s 
and remain i n s i t u a f t e r other species have succumbed. 
The e i g h t h species t o occur i n the seed bank of the f i r s t 
e i g h t sub-quadrats, but not i n the ground f l o r a i s Carex b i n e r v i s 
(Table 7.2.). Although not i n the ground f l o r a , i t occurs abundantly 
i n the r i d e s and hence could be t r a n s p o r t e d from the r i d e s i n mud 
du r i n g management o p e r a t i o n s . H i l l and Stevens (1981) found t h i s 
species i n the seed bank and not the ground f l o r a of a 30 y e a r - o l d 
c o n i f e r p l a n t a t i o n , suggesting t h a t i t has a p e r s i s t e n t seed bank. 
The n i n t h species t o occur i n the seed bank of the f i r s t e i g h t 
sub-quadrats but not i n the ground f l o r a i s Vaccinium m y r t i l l u s 
(Table 7.2.). H i l l and Stevens (1981) suggest t h a t the seeds of 
Vaccinium, t r a n s p o r t e d by b i r d s , are s h o r t - l i v e d because they never 
found them i n the mine r a l l a y e r . However, e a r l i e r . H i l l (1979a) 
f e l t t h a t the seed was l o n g - l i v e d i n the mine r a l s o i l on a f f o r e s t e d 
upland s i t e s . The one i n d i v i d u a l i n quadrat 4 germinated from the 
min e r a l l a y e r . 
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Of these nine species i n the seed bank and not i n the ground 
f l o r a of quadrat 4, o n l y Juncus eff u s u s occurs i n the B - Plan sub-
u n i t s (Table 7.2.). 
The two species i n the ground f l o r a but not emerging i n the 
germination t e s t s were E r i c a cinerea and Lonicera periclymenum. 
The ground f l o r a cover of E r i c a i s very low and hence seeds from 
t h i s species would not be e a s i l y d etected i n the seed bank w i t h 
so few s o i l samples. Brown and Oosterhuis (1981) a l s o found Lonicera 
i n the ground f l o r a of coppice woods but not i n the seed bank. 
Werner (1979) suggests t h a t c l o n a l h a b i t c o r r e l a t e d w e l l w i t h l o n g -
distance d i s p e r s i n g seeds and r e l a t i v e l y short l o n g e v i t y i n the 
seed bank. Lonicera's s t r a t e g y , as an e a r l y successional woody 
p l a n t , i s t o cover as much space as p o s s i b l e w i t h both v e g e t a t i v e 
growth and seed d i s p e r s a l , when the c o m p e t i t i o n i s lower immediately 
a f t e r c l e a r i n g (Werner, 1979). I n a d d i t i o n , l a r g e r seeds l i k e those 
of Lonicera s u r v i v e l e s s w e l l i n seed banks ( H i l l , 1979a).. However, 
the main reason f o r the l a c k of Lonicera seedlings i n any of the 
quadrats, may be the f a c t t h a t i t was not found t o f l o w e r anywhere 
under B- Plan sub-units or under the main canopy. I t appears t h a t 
the species needs l a r g e r c l e a r i n g s , such as those o c c u r r i n g when 
the s i t e was c l e a r - f e l l e d 30 years before. 
Quadrat 9 
Table 7.3. shows the species germinating from the s o i l samples 
taken from quadrat 9. Nine of these species do not occur i n any 
of the ground f l o r a surveys, phases I - I I I (Table 7.3. - * ) . 
Six of these occur only i n the samples from the f i r s t e i g h t sub-
quadrats l o c a t e d i n the area l a r g e l y undisturbed by the B - Plan 
s u b - u n i t s . This area was l a s t c l e a r - f e l l e d i n 1952. As i n quadrat 4 
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Table 7.3. Species and numbers of ssedlings germinating from s o i l samples. 0-5cm ( h ) and 5-lOcm (m). 
taken from near each of the sub-quadrats of quadrat 9 
Sub-quadrats 9-10 11-12 
S o i l l a y e r h m h m h m h m h m h m h m h m h m h m 
Species 
A g r o s t i s c a p i l l a r i s * 2 5 1 
A g r o s t i s s t o l o n i f e r a * 3 8 1 2 2 4 2 1 2 3 4 3 9 9 3 4 
Betula spp. 2 7 7 5 2 1 1 5 5 1 2 8 1 3 
Carex p i l u l i f e r a 26 6 22 6 10 19 33 3 3 13 5 6 9 7 6 3 1 1 47 7 
Calluna v u l g a r i s 31 10 76 66 40 10 87 26 23 18 16 22 12 7 2 4 13 12 126 11 
Deschampsia caespitosa* 1 
D i g i t a l i s purpurea* 1 
Galium s a x a t i l e 9 4 4 3 
Hypericum pulchrum 1 5 8 10 1 
Juncus bufonius* 2 
Juncus e f f u s u s * 1 1 2 
Ranunculus repens* 1 
Rubus spp. 16 4 2 5 4 28 3 12 9 12 2 4 3 3 3 8 2 
Rumex a c e t o s e l l a * 1 
Ulex g a l l i i * 1 1 
Vaccinium m y r t i l l u s 1 3 1 2 
species not o c c u r r i n g i n ground f l o r a 
these s e e d l i n g s , which developed i n low numbers from the s o i l samples, 
are probably the seed bank remnants of the ground f l o r a , r e s u l t i n g 
from the c l e a r - f e l l t h i r t y years before. They i n c l u d e many l i g h t -
demanding, seed bank p e r s i s t e n t , coppice species such as A g r o s t i s 
s t o l o n i f e r a , D i g i t a l i s purpurea, Juncus bufonlus, and Rumex a c e t o s e l l a 
(Rackham, 1980a; Brown and Oosterhuis, 1981). 
Two species i n t h i s group of s i x , o c c u r r i n g o n l y i n the seed 
bank and o n l y i n the f i r s t e i g h t sub-quadrats, are species t o l e r a n t 
of some shade (Brown and Oosterhuis, 1981). One, Ranunculus repens, 
i s known t o occur i n l a r g e numbers i n p e r s i s t e n t seed banks (Odum, 
1965; Sarukh^n, 1974). The o t h e r , Deschampsia caespitosa, was found 
i n low numbers i n coppice seed banks (Brown and Oosterhuis, 1981). 
Thompson and Grime, (1979) c l a s s i f y i t i n seed bank type I I I . 
The l o n g e v i t y of two of the species i n the group of nine i s 
i n doubt i n the l i t e r a t u r e . L i v i n g s t o n and A l l e s s i o (1968) suggest 
t h a t Rumex a c e t o s e l l a p e r s i s t s f o r 80 years i n the seed bank w h i l e 
H i l l and Stevens, (1981) suggest i t i s s h o r t e r l i v e d , 10 t o 20 years. 
Thompson and Grime (1979) s t a t e t h a t the second species, A g r o s t i s 
c a p i l l a r i s has a l a r g e p e r s i s t e n t seed bank, w h i l e H i l l and Stevens 
(1981) s t a t e t h a t i t probably does not p e r s i s t an e n t i r e c o n i f e r 
r o t a t i o n and i s dead i n the seed bank a f t e r 45 years. I n quadrat 9, 
both species appear t o have su r v i v e d i n the seed bank f o r at l e a s t 
30 years. 
Only A g r o s t i s c a p i l l a r i s and A g r o s t i s s t o l o n i f e r a , i n t h i s 
group of nine species i n the seed bank, occur i n the B - Plan sub-
u n i t s (Table 7.3 . ) . The species i n the ground f l o r a and not i n 
the seed bank are Hedera h e l i x , Lonicera periclymenum, Athyrium 
f i l i x - f e m i n a and D r y o p t e r i s d i l g t a t a . L i k e Lonicera, Hedera does 
not f l o w e r under the canopy or under B - Plan s u b - u n i t s . L i k e w i s e , 
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i t does not appear t o have a p e r s i s t e n t seed bank. I t s seeds appear 
t o be germinable soon a f t e r shedding, but r a p i d l y lose v i a b i l i t y 
a f t e r storage (Grime et^ aL, 1981). Athyrium d i d develop i n one 
s o i l sample taken from quadrat 55. D r y o p t e r i s , being very shade 
t o l e r a n t , i s 'the o n l y vascular p l a n t t o achieve appreciable cover 
i n the l a t e r stages of B r i t i s h c o n i f e r r o t a t i o n s * ( H i l l , 1979a). 
Hence, D r y o p t e r i s already has a s t r o n g c o m p e t i t i v e advantage and 
does not need a seed bank storage f a c i l i t y . This may also apply 
t o Athyrium. However, there i s l i t t l e i n f o r m a t i o n about f e r n s 
a v a i l a b l e i n the seed bank l i t e r a t u r e . 
Quadrat 13 
Table 7.4. shows the r e s u l t s of the germination t e s t s from 
quadrat 13, Six of these species (Table 7.4. - *) d i d not occur 
i n the ground f l o r a i n phases I - I I I , fewer than i n quadrats 4 
and 9. Three of these occur s o l e l y i n the samples from under the 
main canopy i n the area l a s t c l e a r - f e l l e d i n 1945. As i n quadrats 
4 and 9, these t h r e e species are the seed bank remains of t h i s f e l l i n g . 
The species, Calluna v u l g a r i s , Chenopodium album and Luzula m u l t i f l o r a 
o nly developed i n very low numbers from the seed bank (Table 7.4.). 
Calluna i s a coppice species i n t o l e r a n t of shade, spending most 
of the coppice c y c l e i n the seed bank (Rackham, 1980a). Chenopodium 
i s a species of a r a b l e , d i s t u r b e d s i t e s and i s known t o be extremely 
l o n g - l i v e d i n the seed bank. Odum (1965) found v i a b l e seed of t h i s 
species thought t o be 1,000 years o l d . 
L i t t l e i s known of the germination c h a r a c t e r i s t i c s of Luzula 
m u l t i f l o r a . However, t h i s p e r e n n i a l shows a high percentage of 
germination i n the dark and 'no s t r o n g evidence' of a l i g h t r e q u i r e -
ment f o r germination (Grime et al,, 1981), suggesting t h a t , i f i t 
i s a p a r t of the p e r s i s t e n t seed bank, i t s frequency would be low, 
278 
TABLE 7.A. Species and numbers of seedlings germinating from s o l i samples. 0- 5cm (h) and 5-lOcra (m), 
taken from near each of the sub-quadrats I n quadrat 13 
Sub-quadrats 1 2 3 4 5 6 7 8 9- 10 11 -12 13-lA 15-16 17-18 
S o i l l a y e r h m h m h m h m h m h m h m h m h m h m h m h m h m 
Species 
A g r o s t i s c a p i l l a r i s 1 20 15 2 8 3 25 5 2 1 39 11 28 5 35 13 8 3 20 4 3 
A g r o s t i s ' s t o l o n i f e r a 6 1 A 2 1 1 lOA 17 3 13 
Betula spp. 1 1 1 1 3 
Calluna v u l g a r i s * 3 
Carex p i l u l l f e r a 1 A 1 21 1 16 6 1 8 1 1 1 
Chenopodlum album* 1 
D i g i t a l i s purpurea 10 50 2 110 80 117 120 81 131 100 11 8 65 22 28 10 105 50 200 lOA 29 55 61 Al 2A 10 
Holcus lanatus 2 1 8 
Hypericum pulchrum* 1 1 2 3 6 7 2 1 
Juncus e f f u s u s * 5 22 8 1 1 
Luzula m u l t l f l o r a * 1 
Luzula p l l o s a 1 2 1 
Rubus agg. 18 2 29 31 5 10 3 7 U 23 9 8 9 2 3 6 12 2 6 2 
Vaccinium m y r t i l l u s 6 1 
Veronica o f f i c i n a l i s * 1 
* = species not o c c u r r i n g I n ground f l o r a 
as the r e s u l t s i n quadrat 13 suggest. 
The other t h r e e species i n the seed bank o n l y , are i n both 
the undisturbed area of sub-quadrats 1 t o 8 and i n the B - Plan 
s u b - u n i t s . They are light-demanding, coppice species w i t h p e r s i s t e n t 
seed banks, Hypericum pulchrum, Juncus e f f u s u s and Veronica o f f i c i n a l i s 
(Rackham, 1980a; Brown and Oosterhuis, 1981) and would be expected 
i n quadrat 13 which i s on a c o n t i n u o u s l y wooded s i t e , f o r m e r l y coppice 
(Figure 1.5.). 
D i g i t a l i s , present i n the ground f l o r a i n sub-quadrats 15 
and 16, which was cut back i n the course of weeding operations i n 
1982, appears not t o have yet been able t o r e p l e n i s h the seed bank 
i n those quadrats (Table 7.4.). The numbers of germinable seeds 
i n t h i s seed bank are reduced because the B - Plan disturbance caused 
the seeds t o be exposed on the s o i l surface thus s t i m u l a t i n g germina-
t i o n . However, although many seeds probably germinated, few developed 
i n t o mature p l a n t s and hence the seed bank was diminished. The 
p l a n t s i n t h i s sub-unit were probably able t o f l o w e r i n 1983, delayed 
seed p r o d u c t i o n i n c r e a s i n g p l a n t l o n g e v i t y (Harper, 1977). I n c o n t r a s t 
the o l d e r B - Plan sub-units have much l a r g e r numbers of germinable 
seeds (Table 7.4. - sub-quadrats 9-10 and 11-12) due t o the f a c t 
t h a t the D i g i t a l i s developed i n these sub-units j u s t a f t e r B - Plan 
c l e a r i n g 20 years ago. The mature p l a n t s were then able t o r e p l e n i s h 
the seed bank and then p e r i s h on seed p r o d u c t i o n . 
Betula spp. germinated i n low numbers i n t h i s quadrat probably 
because t h e r e are few la r g e seed producing t r e e s nearby. I t s seeds 
belong i n the type I I seed bank type, p e r s i s t e n t o n l y over the w i n t e r . 
Thus any seedlings developing w i l l be of recent seed o r i g i n (Thompson 
and Grime, 1979; H i l l , 1979a). 
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species i n the ground f l o r a and not i n the seed bank are 
D r y o p t e r i s d i l ^ t a t a , Hedera h e l i x , Lonicera periclymenum, P t e r i d l u m 
aquilinum. I l e x a q u i f o l i u m , Pseudotsuga m e n z i e s i i , Quercus x rosacea, 
Fagus s y l v a t i c a and Deschampsia flex u o s a . D r y o p t e r i s , Hedera and 
Lonicera are not i n the seed bank f o r the reasons mentioned e a r l i e r . 
P t e r i d i u m , w i t h i t s extensive rhizome systems, has no need f o r a 
seed bank s t r a t e g y . The t r e e species, l i k e other heavy seeded species, 
s u r v i v e l e s s w e l l i n the seed bank (Fenner, 1985). Pseudotsuga 
seedlings are always from seed of recent o r i g i n ( H i l l , 1979a). 
Deschampsia appears not to have a p e r s i s t e n t seed bank and i t s success 
i n c o l o n i z i n g a f t e r a c l e a r - f e l l depends on the remaining i n d i v i d u a l s 
s u r v i v i n g a c o n i f e r r o t a t i o n ( H i l l , 1 9 7ga;Hill and Stevens, 1981). 
Quadrat U 
Table 7.5. shows the r e s u l t s of the germination t e s t s from 
quadrat 14. As expected under the dark Picea s i t c h e n s i s canopy, 
w i t h a sparse ground f l o r a , many species occur i n the seed bank 
and not i n the ground f l o r a , n i n e a l t o g e t h e r (Table 7.5. - * ) . 
Three other light-demanding species Carex p i l i u l i f e r a , Calluna 
v u l g a r i s and Vaccinium m y r t i l l u s occurred i n the ground f l o r a i n 
phases I and I I but appeared t o be shaded out by the time the ground 
f l o r a was sampled i n phase I I I . Of the previous n i h e s p e c i e s i n 
the seed bank, only f o u r were p a r t i c u l a r l y light-demanding coppice 
species expected i n a p e r s i s t e n t seed bank (Rackham, 1980a; Brown 
and Oosterhuis, 1981). A f i f t h species, Luzula p i l o s a , i s a species 
somewhat t o l e r a n t of shade which p e r s i s t s i n the coppice seed bank 
at low d e n s i t i e s (Brown and Oosterhuis, 1981). A s i x t h species, 
Molinea caerulea, i s a heathland remnant and i s an i n d i c a t o r of 
t h i s s i t e ' s heathland o r i g i n ( F i gure 1.5.). 
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Table 7,5. Species and numbers of seedlings germinating from s o i l samples. 0-5cm ( h ) and 5-lOcm (m). 
taken from near each of the sub-quadrats I n quadrat lA 
Sub-quadrats 1 2 3 4 5 6 7 8 9 10-11 12-13 14-15 
S o i l l a y e r h m h m h m h m h m h m h m h m h m h m h m h m 
Species 
A g r o s t l s c a p l l l a r l s 4 5 10 4 13 8 6 7 3 23 10 6 5 3 12 5 1 17 5 24 7 2 7 
A g r o s t l s s t o l o n l f e r a 4 7 2 3 14 13 4 6 7 4 17 11 8 3 5 27 3 9 9 30 9 
Betula spp. 1 3 3 3 1 4 2 7 8 13 1 3 1 1 2 2 3 
Calluna v u l g a r i s 1 2 41 9 2 8 3 1 
Carex p l l u l l f e r a 4 1 1 1 1 1 
Chenopodlum album* 1 1 
Deschampsla flexuosa* 9 
D i g i t a l i s purpurea 3 10 17 25 6 17 26 45 16 23 11 11 7 5 12 18 6 6 3 114 69 41 80 
Galium s a x a t l l e * 1 
Holcus lanatus 1 1 
Hypericum pulchrum* 1 2 11 1 2 3 1 2 2 1 16 10 16 
Juncus e f f u s u s * 8 4 1 2 8 3 
Luzula m u l t l f l o r a * 2 
Luzula p l l o s a * 1 
Mollnea caerulea* 3 
Rubus agg. 2 4 2 1 2 3 1 5 3 13 2 3 2 3 3 2 2 5 2 2 1 
Vacclnlum m y r t l l l u s 
Veronica o f f i c i n a l i s * 4 2 
* ° species not o c c u r r i n g i n ground f l o r a 
Of these n i n e species i n the seed bank and not i n the ground 
f l o r a , f i v e occur only i n the samples from the area u n a f f e c t e d by 
B - Plan l a s t c l e a r - f e l l e d i n 1951. 
Six species occur i n the ground f l o r a and not i n the seed 
bank of phases I - I I I , Athyrium f l l l x - f e m i n i a , Hedera h e l i x , I l e x 
a q u i f o l l u m , Pseudotsuga m e n z i e s i i , Quercus x rosacea and Hyaclnthoides 
n o n - s c r l p t a . 
The reasons f o r the non-appearance of the f i r s t f i v e have 
been discussed e a r l i e r . The s i x t h , Hyaclntholdes was i n the ground 
f l o r a i n phase I I I i n the two year o l d B - Plan s u b - u n i t . I t flowered 
d u r i n g the sampling p e r i o d . This i s a shade-tolerant woodland p l a n t 
t h a t can only s u r v i v e a coppice r o t a t i o n i n the ground f l o r a , as 
i t has t r a n s i e n t seed bank of the type I I k i n d (Thompson and Grime, 
1979; Brown and Oosterhuis, 1981). Hence, remnants from the l a s t 
c l e a r - f e l l i n 1951, probably s u r v i v e d under the spruce canopy and 
were then able t o take advantage of the l i g h t created by B - Plan 
c l e a r i n g , t o f l o w e r i n 1982. The f a c t t h a t i t d i d not appear i n 
the germination t e s t s i s explained by two reasons. F i r s t , i t o n l y 
f i r s t flowered and seeded i n 1982, a f t e r the seed bank s o i l samples 
had been c o l l e c t e d . Second, i t has o n l y a t r a n s i e n t seed bank and 
i s o n l y germlnable f o r a very short time i n e a r l y s p r i n g , a f t e r 
the w i n t e r c h i l l i n g requirement has been s a t i s f i e d (Thompson and 
Grime. 1979). The s o i l sample may have been taken a f t e r t h i s t r a n s i e n t 
phase ended. 
Quadrat 51 
Only s i x s o i l samples were taken from t h i s quadrat as i t was 
not o f f i c i a l l y p a r t of phase IV. This s i t e p l a n t e d i n 1930 w i t h 
Fagus s y l v a t l c a , was at the centre of mining o p e r a t i o n s f o r many 
years, w e l l i n t o the beginning of t h i s century ( F i g u r e 1.5.). Thus, 
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i t i s not s u r p r i s i n g t h a t two species of d i s t u r b e d arable and grassland 
s i t e s germinated from these samples, Lotus c o r n i c u l a t u s and Anagalis 
a r v e n s i s . Anaglis was found t o s u r v i v e at l e a s t 55 years i n the 
seed bank (Odum, 1965). 
Quadrat 52 
Table 7.6. shows the r e s u l t s of the g e r m i n a t i o n t e s t s from 
quadrat 52." Only t h r e e light-demanding coppice species occur i n 
the seed bank of t h i s r e l i c oak coppice and not i n the e x i s t i n g 
ground f l o r a , Carex p i l u l i f e r a , Hypericum pulchrum and Juncus e f f u s u s . 
As expected i n t h i s s i t e , which could be described as semi-natural 
ancient woodland, ( K i r b y et aL, 1984) most of the coppice species 
have disappeared from both the ground f l o r a and the seed bank. 
I n the Brown and Oosterhuis (1981) study of neglected coppice seed 
banks the ' l i m i t s of seed s u r v i v a l were not reached' 30 t o 40 years 
a f t e r the l a s t c u t t i n g . However, the s i t e of quadrat 52 was probably 
l a s t coppiced i n 1916 ( e s t a t e r e c o r d s ) , 66 years before the g e r m i n a t i o n 
t e s t s . U n l i k e the coppices s t u d i e d by Brown and Oosterhuis (1981), 
where the p o t e n t i a l f o r ground f l o r a recovery e x i s t e d i n the seed 
bank, i n t h i s coppice, the seed bank has d e t e r i o r a t e d n e a r l y t o 
the p o i n t of no r e t u r n . Brown (1981) suggests t h a t species losses 
are g r e a t e r i n coppices planted w i t h c o n i f e r p l a n t a t i o n s , than i n 
remaining neglected coppice. However, t h i s does not appear t o be 
the case i n T a v i s t o c k Woodlands, where the coppice species occur 
more f r e q u e n t l y i n the ground f l o r a and seed bank of the B - Plan 
sub-units than i n the ground f l o r a and seed bank of the neglected 
coppice. H i l l (1979a)makes the p o i n t t h a t neglected coppice ground 
f l o r a does not have the advantage of a t h i n n i n g at 30 years as i n 
a c o n i f e r p l a n t a t i o n , when Pinus and L a r i x p l a n t a t i o n s on a f f o r e s t e d 
s i t e s can have a 'complete vascular f l o r a ' . 
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Table 7.6. Species and numbers of seedlings germinating from s o i l samples, 0-5cm (h) and 
5"10cm (m), taken from near each of the sub-quadrats i n quadrat 52 
Sub-quadrats 1 2 3 4 5 6 7 8 
S o i l l a y e r h m h m h m h m h m h m h m h m 
Species 
Betula spp. 13 3 3 2 9 2 29 3 
Calluna v u l g a r i s 89 82 73 3 96 41 12 21 10 19 115 44 25 60 4 63 
Carex p i l u l i f e r a * 2 
Hypericum pulchrum* 1 
Juncus e f f u s u s * I 
Luzula s y l v a t i c a 14 2 
ro Rubus agg. 2 1 8 3 1 1 2 3 
S Vaccinium m y r t i l l u s 1 3 2 9 16 5 1 
species not o c c u r r i n g i n ground f l o r a 
Evidence from other s t u d i e s i n temperate f o r e s t suggests t h a t 
o r i g i n a l seed from e a r l y successlonal communities disappears a f t e r 
100 years and there may s t i l l be a l a r g e seed bank a f t e r 50 years 
( H i l l and Stevens, L981). I t appears t h a t i n quadrat 52, the seed 
bank has a l r e a d y begun a downward d e t e r i o r a t i o n . 
Among the species i n the ground f l o r a , but not i n the seed 
bank, P t e r l d i u m a q u l l l n u m , Hedera h e l i x , Sorbus aucuparla, Quercus 
X rosacea and Pseudotsuga m e n z l e s i l i s also Included one shade-bearing 
woodland p l a n t , Melampyrum pratense, which behaves as a c o p p i c i n g 
p l a n t w i t h l u x u r i a n t growth a f t e r f e l l i n g (P^ckham and Harding, 
1982), Brown and Oosterhuis (1981) suggest t h a t i t has poor seed 
d i s p e r s a l a t t r i b u t e d t o ants ( R i d l e y , 1930) and t h a t being a shade-
t o l e r a n t species, l i k e Hyacinthoides n o n - s c r i p t a . I t does not r e q u i r e 
the c o m p e t i t i v e s t r a t e g y of a p e r s i s t e n t seed bank. Melampyrum 
appears t o need a canopy cover of l e s s than 50% f o r abundant regenera-
t i o n (Uarren, pers. comm.). I t occurs I n the ground f l o r a of quadrats 
54 and 56 i n recent B - Plan s u b - u n i t s . 
Quadrat 54 
Table 7.7. shows the r e s u l t s of the germination t e s t s from 
quadrat 54. 14 species occur i n the seed bank but not i n the ground 
f l o r a (Table 7.7. - * ) . Most of these are the light-demanding 
coppice p l a n t s A g r o s t l s s t o l o n l f e r a , Calluna v u l g a r i s . D i g i t a l i s 
purpurea, Hypericum humifusum, Hypericum pulchrum, Juncus e f f u s u s 
and Juncus bufonius (Thompson and Grime, 1979; Rackham, 1980a; Brown 
and Oosterhuis, 1981). Included also i n t h i s group of 14, are o t h e r 
oak woodland species l i k e Vacclnium m y r t l l l u s , one species t o l e r a n t 
of some shade, Luzula s y l v a t l c a and two species t o l e r a n t of deep 
shade, Moehringia t r l n e r v i a and V i o l a r i v i n i a n a (Brown and Oosterhuis, 
1981). Moehringia i s an oak woodland shade species but p e r s i s t s 
i n the seed bank f o r a 'few decades* (Brown and Oosterhuis, 1981). 
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Table 7.7. Species and numbers of seedlings germinating from s o i l samples, 0-5cm ( h ) and 5-lOcm (m) 
taken from near each of the sub-quadrats i n quadrat 54 
Sub-quadrats 1 2 3 4 5 ( 7 8 9- 10 11--12 13--14 
S o i l l a y e r h m h m h m ' h m h m h m h m h m h m h m h m 
Species 
A g r o s t i s c a p l l l a r i s 2 2 10 13 13 12 18 16 5 5 18 13 13 6 6 7 21 53 14 14 9 16 
A g r o s t i s s t o l o n i f e r a * 6 55 
Betula spp. 3 1 3 1 5 9 6 2 15 4 11 13 2 10 2 13 2 10 6 4 
Calluna v u l g a r i s * 
Carex p i l u l l f e r a * 
7 5 
8 4 6 1 3 2 5 7 4 1 2 4 6 4 3 
D i g i t a l i s purpurea* 42 40 24 20 19 16 5 16 21 32 24 17 11 7 22 14 1 3 41 34 31 46 
Hypericum humifusum* 1 3 
Hypericum pulchrum* 
Juncus bufonlus* 
6 8 2 2 4 3 17 14 31 22 32 21 15 11 5 3 35 24 8 9 15 21 
1 
Juncus e f f u s u s * 13 4 1 
Luzula m u l t i f l o r a * 1 1 6 2 7 10 17 2 2 
Luzula p i l o s a 2 2 1 1 1 2 2 1 5 4 4 2 
Luzula s y l v a t i c a * 1 4 1 
Moehringia t r i n e r v i a * 1 
Rubus agg. 6 4 4 4 3 6 12 2 2 6 '4 7 2 1 5 5 2 9 2 20 1 
Teucrium scorodonia 1 2 2 1 2 1 1 1 1 
Ulex g a l l i i * 1 1 1 
Vaccinium m y r t i l l u s * 1 2 
Veronica o f f i c i n a l i s 8 9 7 15 1 13 3 9 6 
V i o l a r i v i n i a n a * 1 1 1 1 7 1 I 
species not o c c u r r i n g i n ground f l o r a 
v i o l a i s present i n the ground f l o r a of quadrat 5A but was not sampled 
i n the sub-quadrats, as i t occurs very i n f r e q u e n t l y . As expected 
of a species w i t h the c o m p e t i t i v e advantage of shade t o l e r a n c e , 
i t i s reputed t o be a type I I seed bank species w i t h a t r a n s i e n t 
seed bank whose w i n t e r dormancy i s broken by s t r a t i f i c a t i o n (Thompson 
and Grime, 1979; Brown and Oosterhuis, 1981). The seed bank s o i l 
sampling at the end of A p r i l o b v i o u s l y c o l l e c t e d t h i s seed when 
i t was i n i t s germinable phase. 
Most of these lA species occur i n both the seed bank of the 
undisturbed area l a s t c l e a r - f e l l e d i n 19A0 and r e p l a n t e d w i t h oak 
(Table 7.7.), as w e l l as i n the B - Plan s u b - u n i t s . 
P t e r i d i u m aqulllnum, Hedera h e l i x , Lonicera periclymenum, 
Quercus x rosacea, Pseudotsuga m e n z i e s i i and Melampyrum pratense 
occur i n the ground f l o r a and not i n the seed bank. 'As mentioned 
e a r l i e r Melampyrum occurs i n the r e c e n t l y c l e a r e d B - Plan s u b - u n i t s . 
Quadrat 55 
Table 7.8. shows the r e s u l t s of the germination t e s t s from 
quadrat 55. I n t h i s quadrat, i n c o n t r a s t to quadrats A,9,14 and 
5A, i t i s p a r t i c u l a r l y s t r i k i n g t h a t o n l y three species occur i n 
the seed bank t h a t are not i n the ground f l o r a (Table 7.8. - * ) . 
I t might be expected t h a t under t h i s dark Pseudotsuga canopy more 
species would be l o s t t o both the seed bank and the ground f l o r a , 
than i n the l i g h t e r deciduous canopies f o r example quadrats 13 or 
5A. 
The light-demanding, coppice species Calluna v u l g a r i s , Carex 
p i l u l l f e r a . D i g i t a l i s purpurea, Hypericum pulchrum, and Juncus e f f u s u s , 
as w e l l as the more shade bearing oak f i e l d l a y e r species Rubus 
agg. and Luzula p l l o s a , occur i n both the seed bank and i n the ground 
f l o r a . They occur i n both the seed banks and the ground f l o r a under 
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Table 7.8. Species and numbers of seedlings germinating from s o i l samples. 0-5cm (h) and 5-lOcm (m), 
taken from near each of the sub-quadrats i n quadrat 55 
Sub-quadrats 1 2 3 4 5 6 7 8 9-10 11-12 13-14 15-16 
S o i l l a y e r h m h m h m h m h m h m h m h m h m h m h m h m 
Species 
A g r o s t l s c a p i l l a r i s 1 1 1 6 2 1 
A g r o s t i s s t o l o n i f e r a 1 I 2 1 1 1 34 21 24 9 
Athyrium f i l i x - f e m i n a 42 
Betula spp. 3 6 1 3 4 2 2 4 1 6 3 9 1 2 5 4 1 
Calluna v u l g a r i s 1 1 2 4 1 1 3 17 6 
Carex p i l u l i f e r a 1 1 3 3 1 1 5 2 2 5 4 
D i g i t a l i s purpurea 15 7 80 27 11 8 43 63 209 80 2 2 8 6 121 24 2 41 6 2 1 
Holcus l a n a t u s * 1 
Hypericum pulchrum 4 5 1 1 1 2 1 6 2 1 2 2 4 3 1 10 4 
Juncus effusus 1 44 1 2 1 70 37 1 8 3 
Luzula m u l t i f l o r a 1 1 
Luzula p l l o s a 1 1 1 1 1 
Rubus agg. 2 5 5 1 7 3 2 1 8 8 4 3 1 7 1 1 1 1 
Teucriura scorodonia* 1 
Vacciniura rayrtillus* 1 
Veronica o f f i c i n a l i s 1 2 1 
« species not o c c u r r i n g i n ground f l o r a 
the main canopy, which was l a s t c l e a r - f e l l e d i n 1950, as w e l l as 
i n the r e c e n t l y c l e a r e d B - Plan s u b - u n i t s . D i g i t a l i s , Juncus and 
Luzula m u l t i f l o r a occur only i n the newest B - Plan s u b - u n i t . The 
o l d e r B - Plan sub-units do not have these species. 
Athyrlum f i l i x - f e m l n a i n the ground f l o r a of both new and 
o l d e r B - Plan sub-units as w e l l as under the main canopy, developed 
from the s o i l sample taken from near sub-quadrat 55.4. (Table 7.8.) 
As i n the other quadrats, Hedera h e l i x , Lonicera perlclymenum, 
Pseudotsuga m e n z i e s i i , Fagus s y l v a t l c a and Quercus x rosacea are 
i n the ground f l o r a and not i n the seed bank. Seed from the surroun-
ding Pseudotsuga canopy i s a v a i l a b l e , as the species f r e e l y regenerates 
n a t u r a l l y i n the B - Plan c l e a r i n g s and i n the rackways. Obviously 
i t s g ermination requirements were not met i n the greenhouse. There 
i s a l s o Rhododendron ponticum i n the ground f l o r a but as t h i s species 
i s cut back f r e q u e n t l y , i n an e f f o r t t o e r a d i c a t e i t , the remaining 
I n d i v i d u a l s d i d not f l o w e r d u r i n g the phase I I I and IV surveys and 
hence no seed was produced. 
Quadrat 56 
Table 7,9. shows the r e s u l t s of the germination t e s t s i n quadrat 
56. Six species occur i n the seed bank and not i n the ground f l o r a 
surveyed i n phases I I and I I I . (Table 7,9. - *) Only two of these 
are light-demanding, coppice species w i t h p e r s i s t e n t seed banks, 
D i g i t a l i s purpurea and Juncus e f f u s u s . Two other species i n t h i s 
group of s i x are w e l l represented i n the r i d e s upslope of quadrat 56, 
Carex b i n e r v i s and Ulex g a l l i i and as mentioned e a r l i e r could e a s i l y 
be t r a n s p o r t e d by f o r e s t r y working. Luzula m u l t l f l o r a i s not i n 
the ground f l o r a of t h i s p a r t i c u l a r quadrat but i t i s growing i n 
t h i s p a r t of the wood. 
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Table 7.9. Species and numbers of seedlings germinating from s o i l samples. 0-•5cm (h) and 5-lOcm (m). 
taken from near each of the sub-quadrats i n quadrat 56 
Sub-quadrats 1 2 3 4 5 6 7 8 9- 10 11- -12 13-•14 15-16 
S o i l l a y e r h m h m h m h m h m h m h m h m h m h m h m h m 
Species 
A g r o s t i s c a p i l l a r i s * 1 
Betula spp. 6 9 3 2 4 
Calluna v u l g a r i s 
Carex b i n e r v i s * 
4 13 1 1 
20 5 
D i g i t a l i s purpurea* 40 31 136 88 72 24 18 1 4 
Hypericum pulchrum 1 4 6 9 1 4 
Juncus e f f u s u s * 1 1 1 
Luzula m u l t i f l o r a * 
Rubus agg. 4 2 8 2 8 3 
Ulex g a l l l i * 
Veronica o f f i c i n a l i s 
3 3 4 4 1 1 
1 1 
1 
25 16 12 8 5 4 77 3 21 9 145 25 84 27 
1 2 2 13 6 35 5 1 2 2 
1 1 
1 
3 1 10 3 2 1 5 1 5 1 6 1 
3 
species not o c c u r r i n g i n ground f l o r a 
The light-demanding coppice species w i t h p e r s i s t e n t seed banks 
t h a t occur i n both the ground f l o r a and i n the seed bank are Calluna 
v u l g a r i s , and Hypericum pulchrum, as does the woodland species 
Veronica o f f i c i n a l i s . Luzula p i l o s a and Carex p i l u l i f e r a a lso occur 
i n the ground f l o r a and not i n the seed bank. 
Of the s i x species i n the seed bank and not i n the ground 
f l o r a , a l l but Ulex and A g r o s t i s c a p i l l a r i s occur under the main 
canopy, l a s t c l e a r - f e l l e d i n 1941, as w e l l as i n B - Plan s u b - u n i t s . 
Athyrium f i l i x - f e m l n a , Blechnum s p i c a n t , D r y o p t e r i s d i l i t a t a , 
Hedera h e l i x . I l e x a q u i f o l i u m , Lonicera periclymenum and Pseudotsuga 
m e n z i e s i i occur i n the ground f l o r a and not i n the seed bank t e s t s . 
7.3.1. Discussion of the seed bank species d i s t r i b u t i o n - a sunmary 
Seed d i s t r i b u t i o n i n r e l a t i o n t o depth 
The d i s t r i b u t i o n of seeds i n the s o i l w i t h respect t o depth, 
of the species c u r r e n t l y i n the ground f l o r a i s r o u g h l y as would 
be expected f o r a l l the quadrats. The m a j o r i t y of the seedlings 
of c u r r e n t ground f l o r a species developed from seed i n the upper 
l a y e r , which i n c l u d e d the l i t t e r . However, the species no longer 
i n the ground f l o r a but i n the p e r s i s t e n t seed bank could be expected 
t o be found o n l y i n the lower m i n e r a l l a y e r . This was not the case 
f o r most quadrats, probably because the sampling method was i m p e r f e c t . 
Contamination undoubtedly occurred w i t h the use of a spade f o r sampling 
Seed banks under B - Plan management 
Many of the light-demanding, coppice species w i t h p e r s i s t e n t 
seed banks occur more f r e q u e n t l y i n the ground f l o r a of B - Plan 
sub-units (Table 8.1. ) . However the seed bank study showed f i r s t l y , 
t h a t a f u r t h e r number of t h i s k i n d of species occurred i n the seed 
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bank but not i n the ground f l o r a . Secondly, some B - Plan sub-quadrats 
appeared t o have depleted seed banks when compared t o the seed bank 
under the surrounding canopy. T h i r d l y , quadrat 55 i s e x c e p t i o n a l 
because many of these light-demanding, coppice species occur i n 
the seed bank as w e l l as i n the ground f l o r a and the seed bank of 
the B - Plan sub-units i s n e a r l y as r i c h as t h a t under the surrounding 
canopy. 
These three p o i n t s emerging from the seed bank study are discussed 
i n f u r t h e r d e t a i l below. 
1 - Coppice species i n the seed bank but not i n the ground f l o r a 
Quadrats 4,9,14 and 54 have the l a r g e s t number of species 
i n the seed bank which do not occur i n the ground f l o r a . Table 
7,10. shows the d i s t r i b u t i o n of species numbers i n the seed bank 
and not i n the ground f l o r a . This r e s u l t could be explained i f 
the species s t i l l present i n the seed bank are no longer i n the 
ground f l o r a because the canopy i s now closed and does not provide 
enough l i g h t . Contrary t o t h i s suggestion, two of the quadrats 
w i t h the highest number of species i n the seed bank t h a t are not 
i n the ground f l o r a , quadrats 4 and 9, have the highest percentage 
c o n t r i b u t i o n s of both d i f f u s e and d i r e c t l i g h t ( F i g u r e s 6.1. to 
6. 3 . ) . T herefore, i t i s more probably t h a t the past h i s t o r y of 
the s i t e s have depleted i n some way the ground f l o r a as w e l l as 
the seed bank. For example quadrat 4, which has the lowest number 
of species i n the ground f l o r a , (Table 7,10.) was formerly'heathland 
and was c e r t a i n l y a f f e c t e d i n the l a s t century by the nearby ar s e n i c 
works. I n a d d i t i o n , although the seed bank has nine species not 
i n the ground f l o r a (Table 7.10.), these species g e n e r a l l y occur 
i n low numbers (Table 7.2.) suggesting t h a t the seed bank i s a l s o 
depleted. However, the past f o r e s t r y management h i s t o r y may w e l l 
be even more s i g n i f i c a n t i n the d e p l e t i o n of both ground f l o r a and 
29 3 . 
Table 7.10 
o c c u r r i n g i n the seed bank and not i n the ground f l o r a . 
between sample s from near B - Plan and non-B - Plan 
sub-quadrats 
Quadrat T o t a l number of T o t a l number of Of the t o t a l number 
species i n ground species i n seed of species i n seed 
f l o r a bank and not i n bank and not i n ground 
ground f l o r a f l o r a , the number 
o c c u r r i n g i n o c c u r r i n g i n samples 
samples from a l l from B - Plan sub-
the sub-quadrats quadrats only 
4 10 9 2 
9 14 9 3 
13 19 6 3 
14 16 8 3 
52 10 3 
54 13 14 11 
55 19 3 2 
56 14 6 4 
seed bank species. Below i s a b r i e f h i s t o r y of the management of 
the phase IV quadrats ( e s t a t e records; Hamilton, pers. comm.): 
Quadrat 4 - heath p r i o r t o 1813, planted w i t h c o n i f e r s 
(Pinus spp.) from 1813 t o the present canopy 
Quadrat 9 - coppice u n t i l 1862, planted w i t h c o n i f e r s 
(Pinus spp.) from 1862 t o the present canopy 
Quadrat 13 - coppice w i t h g r a z i n g u n t i l 1903, planted w i t h 
c o n i f e r s (Pinus spp.) t o the present canopy 
Quadrat 14 - heath p r i o r t o 1813, planted w i t h c o n i f e r s 
(Pinus spp.) t o the present canopy 
Quadrat 54 - coppice u n t i l 1914, p l a n t e d w i t h Pseudotsuga 
m e n z i e s i i i n 1914 then w i t h the present canopy 
Quercus x rosacea i n 1940. 
Quadrat 55 - coppice u n t i l 1950, planted w i t h Pseudotsuga 
m e n z i e s i i i n 1950 which i s s t i l l the present 
canopy 
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Quadrat 56 - coppice u n t i l 19AI, planted w i t h Pseudotsuga 
m e n z i e s i i i n 1941 which i s s t i l l the present 
canopy 
As i s apparent from the above h i s t o r i e s , those quadrats which have 
had c o n i f e r o u s canopies f o r at l e a s t 120 years or more, quadrats 
4,9 and 14, show t h i s discrepancy between the seed bank and the 
ground f l o r a . Likewise those quadrats w i t h oak coppice u n t i l r e l a t i v e l y 
r e c e n t l y , quadrats 13,55 and 56, show less of a d i f f e r e n c e between 
the seed bank and the ground f l o r a (Table 7.10.). Quadrat 54 i s 
the exception having had an oak canopy u n t i l 1914. However the 
oak was replaced w i t h Pseudotsuga and not Pinus. The darker 
Pseudotsuga canopy may have a f f e c t e d the ground f l o r a and the seed 
bank more r a p i d l y than a l i g h t e r Pinus canopy. 
2 - D e p l e t i o n of seed bank i n B - Plan sub-units 
Quadrats 4,9,13 and 14 show the most marked d i f f e r e n c e between 
the seed bank i n the B - Plan sub-units and t h a t under the surrounding 
canopy (Table 7.10.). There are s e v e r a l p o s s i b l e explanations f o r 
t h i s . 
F i r s t l y , the seed bank sampling was weighted i n favour of 
samples from under the main canopy, 16, I n . c o n t r a s t t o as few as f o u r . 
and a maximum of ten from the B - Plan s u b - u n i t s . The r e s u l t s - o f 
the g ermination t e s t s were very v a r i a b l e and hence fewer samples 
from the B - Plan sub-units meant t h a t lower numbers of species 
would be detected i n t h i s set of samples. 
Secondly, i n the l i g h t or deciduous canopies of quadrats 4,9, 
13 and 54 the ground f l o r a was probably well-developed when the 
f i r s t B - Plan sub-units and rackways were c l e a r e d . Thus, when 
the b u r i e d seed was exposed through s o i l d i s t u r b a n c e , the already 
high l i g h t i n t e n s i t i e s and temperature f l u c t u a t i o n s s t i m u l a t e d 
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germination. However, the e s t a b l i s h e d ground f l o r a , i n c l u d i n g P t e r i d i u m 
aquilinum. • Rubus agg., Molinea caerulea and other grasses, c o n f r o n t e d 
these newly germinated seeds w i t h immediate c o m p e t i t i o n . Consequently, 
many d i d not develop, d e p l e t i n g the B - Plan sub-unit seed banks. 
By the time B - Plan was i n t r o d u c e d i n t o the darker quadrats, 56 
and e s p e c i a l l y 55, the ground f l o r a and i t s c o m p e t i t i v e a b i l i t y 
were already reduced by the Pseudotsuga canopy. As a r e s u l t , the 
germinating seeds were able t o develop i n the increased l i g h t , w i t h o u t 
excessive c o m p e t i t i o n from an already e s t a b l i s h e d ground f l o r a . 
3 - Quadrat 55, the exception 
Quadrat 55 i s exceptional because many species, i n c l u d i n g coppice 
species, occur i n the seed bank as w e l l as i n the ground f l o r a and 
the seed bank of the B - Plan sub-units does not appear t o be depleted 
(Table 7.10.). This i s the most s i g n i f i c a n t r e s u l t of the seed 
bank study. This quadrat, u n l i k e the o t h e r s , has been able t o r e t a i n 
a wider complement of coppice species i n the seed bank and i n the 
ground f l o r a i n s p i t e of a Pseudotsuga canopy. I t appears t h a t 
the implementation of B - Plan i n t h i s s i t e i n 1961 conserved the 
coppice species. The species were most probably present i n the 
seed bank u n t i l 1950, and then a f t e r c l e a r - f e l l i n g , i n both the 
seed bank and the ground f l o r a . Consequently, the p o t e n t i a l f o r 
ground f l o r a recovery e x i s t s i n quadrat 55 under a dark c o n i f e r o u s 
canopy species, w h i l e i t has diminished i n the r e l i c oak coppice, 
quadrat 52 (Table 7.10.). 
The f i n d i n g t h a t the seed bank changes, l i k e those i n the 
ground f l o r a , are successional i n nature and t h a t a s e r i e s of 
successional changes can c o - e x i s t i n space as w e l l as i n t i m e , i s 
also p a r t i c u l a r l y s i g n i f i c a n t t o the assessment of the conservation 
value of B - Plan management. 
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CHAPTER 8. TEMPORAL AND SPATIAL PATTERNS - PHENOLOGICAL ASPECTS 
OF SELECTED GROUND FLORA SPECIES 
CHAPTER 8. TEMPORAL AND SPATIAL PATTERNS - PHENOLOGICAL ASPECTS 
OF SELECTED GROUND FLORA SPECIES 
8.1. I n t r o d u c t i o n 
" I n d i r e c t evidence t h a t p l a n t s w i t h i n a p o p u l a t i o n i n t e r f e r e 
w i t h each other comes from a study of changing p a t t e r n of 
i n d i v i d u a l s w i t h i n a succession." (Harper, 1977: p. 726) 
The succession of species w i t h i n B - Plan sub-units was examined 
i n Chapter 5. As the sub-units age, the environment appears t o become 
more s t r e s s f u l , a d i r e c t e f f e c t of the growing t r e e s reducing the 
amount of l i g h t a v a i l a b l e t o the ground f l o r a and competing w i t h 
i t f o r other resources, such as s o i l n u t r i e n t s . Hence the species 
composition changes and the number of species as w e l l as the t o t a l 
abundance decreases (Figures 5.9.-5.11.). These changes are a l l 
t a k i n g place w i t h i n an 18 x 18m square B - Plan u n i t , r e s u l t i n g 
i n a mosaic of d i f f e r e n t successional stages i n space. The temporal 
p a t t e r n , or phenology of a community, as w e l l as being a mechanism 
f o r i n c r e a s i n g d i v e r s i t y (Grubb, 1977), can al s o act t o reduce 
the i n t e r f e r e n c e between p l a n t s . 
"A se p a r a t i o n i n the t i m i n g of growth i s e q u i v a l e n t t o a 
sepa r a t i o n i n resource use i f the resource i s one whose use 
i s dependent upon frequent removal, not storage." 
(Fowler and Antonovics, 1981: p. 838) 
In dense communities, t h i s ' i n f l i c t i o n of hardships on neighbours* 
(Harper, 1977) i s i m p o r t a n t , w h i l e i n sparse communities. I n t e r f e r e n c e 
i s not obvious (Grubb e t al., 1982). The newly c l e a r e d B - Plan sub-
u n i t s would appear t o belong t o the former category, w h i l e the 
old e r sub-units belong t o the l a t t e r . 
The species w i t h i n these B - Plan communities can be d i v i d e d 
i n t o s e v e r a l subsets, based on t h e i r c o m p e t i t i v e , as w e l l as phenolo-
g i c a l s t r a t e g i e s . Set 1 are the h i g h l y c o m p e t i t i v e , successful 
species present throughout much of the B - Plan c y c l e . They owe 
t h e i r e x c e l l e n t c o m p e t i t i v e a b i l i t y t o t h e i r shrubby growth form 
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w i t h p e r s i s t e n t stems and r o o t s . These have been r e f e r r e d t o as 
the ' ubiquitous* T a v i s t o c k Woodlands species and i n c l u d e Hedera 
h e l i x , Lonicera periclymenum and Rubus agg. Set 2 are the r u d e r a l 
species dependent on B - Plan c l e a r i n g f o r the necessary d i s t u r b a n c e 
needed f o r establishment, soon dying out as c o n d i t i o n s become l e s s 
favourable. These species i n c l u d e D i g i t a l i s purpurea and Chamerion 
a n g u s t i f o l i u m . Set 3 c o n s i s t s of species which appear to be of 
lesser c o m p e t i t i v e a b i l i t y than group 1, but which can remain i n 
B - Plan sub-units much longer than set 2 species. They tend t o be 
present where i n i t i a l B - Plan management has reduced the dominance 
of the 'ubiquitous* species by c l e a r i n g and weeding. The species i n 
set 3 i n c l u d e many of the species more f r e q u e n t l y found i n B - Plan 
sub-units than elsewhere i n the study s i t e . They appear i n Table 5.11 
as some of the successional B - Plan species, c o l o n i z i n g s u b - u n i t s 
a f t e r c l e a r i n g and remaining f o r s e v e r a l stages. These species can 
be d i v i d e d i n t o sub-sets of d i f f e r i n g p h e n o l o g i c a l s t r a t e g i e s a f t e r 
Fowler and Antonovics, (1981): 
1) Cool season species - evergreen or semi-evergreen 
species, which can e x p l o i t warm temperatures o u t s i d e 
the warm growing season and also tend t o be s t r e s s 
t o l e r a n t ( A l - M u f t i et a l . , 1977; Mahall and Bormann, 
1978). 
2) Warm season species - species w i t h a d i s t i n c t growing 
season, w i n t e r dormancy, and a short p h e nological c y c l e 
t o e x p l o i t optimum growth c o n d i t i o n s . 
Species i n the c o o l season group i n c l u d e Blechnum s p i c a n t , Carex 
p i l u l i f e r a , D r y o p t e r i s d i l i t a t a and Luzula p i l o s a . Those i n the 
warm season group i n c l u d e Athyrlum f i l i x - f e m i n a , Hyacynthoides 
n o n - s c r l p t a , Hypericum pulchrum and Melampyrum pratense. 
298 
I t i s not po s s i b l e t o demonstrate c o n c l u s i v e l y the existence 
of c o m p e t i t i o n between species through a d e t e r m i n a t i o n of a c t u a l 
versus v i r t u a l niche breadth, w i t h o u t experiments i n v o l v i n g removal 
of competing species or by a r t i f i c i a l l y m a n i p ulating scarce resources 
( C o l w e l l and Futuyma, 1971). However, the p a r t i t i o n i n g of resource 
space over time by the species i n B - Plan sub-units can be i l l u s t r a t e d 
i n d i r e c t l y by examining c o m p e t i t i v e p h e n o l o g i c a l s t r a t e g i e s . Pheno-
l o g i c a l diagrams ( F i g u r e 8.1.) as w e l l as c a l c u l a t i o n s of percentage 
s i m i l a r i t y ( W h i t t a k e r , 1975; Fowler and Antonovics, 1981) have 
been used i n examining species i n groups 2 and 3. t 
Percentage or p r o p o r t i o n a l s i m i l a r i t y can be used t o compare 
the r e l a t i v e c o m p e t i t i v e 'robustness' of two species over a c e r t a i n 
p e r i o d of time. For each species i n the r e l e v a n t B - Plan sub-
quadrats, the monthly p r o p o r t i o n of the t o t a l cover ( t o t a l = 1) 
was c a l c u l a t e d . Then the a r i t h m e t i c d i f f e r e n c e between p a i r s of 
species month by month was summed and i n s e r t e d i n the formula below 
t o c a l c u l a t e p r o p o r t i o n a l s i m i l a r i t y . The species i n the equation 
are species a and species b. 
PS ab = 1 - 0.5 (Z/Pa - Pb/ ) 
To c a l c u l a t e these values the Domin values were converted 
i n t o mean cover values as f o l l o w s : 














Unlike the i n d i c a t o r species a n a l y s i s used i n Chapter 5, where 
species of low cover values were important i n c h a r a c t e r i z i n g a 
community or where both frequency and cover were important i n examining 
successional changes over time ( B a n n i s t e r , 1966) d i r e c t cover values 
are used here t o examine each species* c o m p e t i t i v e phenology. 
8.2. Species chosen f o r a n a l y s i s 
Of those species i n groups 2 and 3 which appear i n Table 
5. 11. as p o s s i b l e successional B - Plan species, only some are 
more f r e q u e n t l y found i n B - Plan sub-quadrats than elsewhere under 
the main canopy. Table 8.1. was compiled using the data from the 
19 quadrats when they, were sampled f o r phase I I I i n the p e r i o d 
between August t o September 1982. These also appear as successional 
species i n Table 5.11. Of these species, o n l y some are present 
i n a s i g n i f i c a n t number of sub-quadrats t o be s u i t a b l e f o r f u r t h e r 
examination. For example, Hyacynthoides n o n - s c r i p t a although found 
under B - Plan,only occurred i n one sub-quadrat. Likewise, Ulex 
g a l l i l appears t o favour B - Plan sub-quadrats, but only occurs 
i n quadrat 4. Hence D i g i t a l i s purpurea i s the one r u d e r a l from 
set 2 chosen. Betula app. another r u d e r a l was also more f r e q u e n t l y 
found i n B - Plan sub-quadrats, but i t has already been discussed 
i n Chapter 4. Carex p i l u l i f e r a , D r y o p t e r i s d i l i t a t a and Luzula 
p i l o s a were chosen from the c o o l season, semi-evergreen sub-set 
of set 3. Athyrium f i l i x - f e m i n a and Hypericum pulchrum were chosen 
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Figure 8.1. - Phenological p a t t e r n s i n some sub-quadrats f o r 
selected species f o r the 1982 season 
(Number shows main quadrat number followed by sub-quadrat number) 
/ / / / = Development and growth of current year's leaves 
M H H H - Flowering (when at lea s t 50% of the buds have opened) 
I I I I I = F r u i t i n g (when at l e a s t 50% of the p o t e n t i a l s e e d s / f r u i t 
have developed 
A A A = Withering (when at l e a s t 50% of p l a n t shows signs of 
dying) 
• • • • • = When f o r some species leaves remain i n t a c t d u r i n g w i n t e r 
I f a p a r t i c u l a r stage of development i s regarded as w e l l e s t a b l i s h e d 
on a sampling date, i . e . 75% of the new buds have opened or over 75% 
of the p o t e n t i a l seed pods are developed, the stage i s recorded as 
i n the middle phase. 
I f only 50% or less of e i t h e r the leaves, flowers or seed are w e l l -
developed, the stage i s recorded as the i n i t i a l stage. 
I f nearly a l l of the p o t e n t i a l leaves, flowers or seed are nearly 
100% developed or i n the case of decay nea r l y a l l the leaves are 
showing some sign of decay, the phase was recorded as f i n a l . 
To i l l u s t r a t e t h i s , as w e l l as the time lapse between monthly samples 
(or i n the case of a two-month sampling gap between August and October); 
gaps have been l e f t i n the bars of the f o l l o w i n g phenological diagrams. 
These i l l u s t r a t e : 
(A) Large gap before a new phenophase shows t h i s new 
phase was already i n i t s f i n a l stage when the p l a n t / s 
were sampled or t h a t a stage was so short i t was not 
recorded. 
(B) Small gap before a new phenophase shows t h i s new phase 
was already i n i t s middle stage when the pl a n t / s were 
sampled. 
(C) No gap between the previous phenophase and the new phase 
shows t h i s new phase was i n i t s i n i t i a l stage when the 
pla n t / s were sampled. 
* Note some species only appear i n sub-quadrat l a t e r i n season 
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Table 8.1. Percentage frequency ( o f the t o t a l number of sub-
quadrats where present) i n B - Plan sub-quadrats 
versus non-B - Plan sub-quadrats of selected species 
i n phase I I I from Table 5 . i i . 
Species Percentage 
frequency i n 
B - Plan 
sub-quadrats 
Percentage 
frequency i n 
non-B - Plan 
sub-quadrats 
Athyrium f i l i x - f e m i n a 73 27 
Betula spp. 55 45 
Carex p i l u l i f e r a 44 56 
Deschampsia flexuosa 33 67 
D i g i t a l i s purpurea 50 50 
D r y o p t e r i s d i l i t a t a 35 65 
Hyacinthoides n o n - s c r i p t a * 100 0 
Hypericum pulchrum 44 56 
Luzula p i l o s a 46 54^ 
Melampyrum pratense* 18 82 
Molinea caerulea 42 58 
Quercus x rosacea 21 79 
Sorbus aucuparia 18 82 
Teucrium scorodonia 18 82 
Ulex g a l l i i 38 62 
Vaccinium m y r t i l l u s 14 86 
* 1981 - Phase I I f i g u r e s used because these v e r n a l species were 
n e a r l y gone when the 19 quadrats were sampled i n phase 
I I I i n August-September 
Note: - Of the t o t a l 230 sub-quadrats sampled i n phases I I and 
I I I , 34% were B - Plan and 66% were non-B - Plan 
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from the warm season sub-set of set 3, Table 8.2. shows the percentage 
frequency of these species i n the e i g h t s p e c i a l quadrats of phase 
IV. The f o l l o w i n g d i s c u s s i o n of these species i s based on these 
e i g h t quadrats. 
Table 8.2, Percentage frequency ( o f the t o t a l number of 
sub-quadrats where present) i n B - Plan sub-quadrats 
versus non-B - Plan sub-quadrats i n the e i g h t s p e c i a l 
quadrats i n phase IV 
Species Percentage frequency Percentage frequency 
i n B - Plan i n non-B - Plan 
sub-quadrats sub-quadrats 
Athyrium f l l i x - f e m i n a 63 37 
Carex p i l u l i f e r a 67 33 
D i g i t a l i s purpurea 100 0 
D r y o p t e r i s d i l i t a t a 50 50 
Hypericum pulchrum 60 40 
Luzula p i l o s a . 59 41 
Note; Of the t o t a l 111 sub-quadrats sampled i n phase IV, 
42% were B - Plan and 58% were non-B - Plan 
8.2,1. Set 2 species - r u d e r a l s 
D i g i t a l i s purpurea 
D i g i t a l i s purpurea i s a r u d e r a l species whose b i e n n i a l h a b i t 
i s r e a l l y the phenology o f a w i n t e r germinating annual, making 
growth i n l a t e autumn and completing i t s l i f e c y c l e i n the s p r i n g 
of the second year, w i t h the p r o d u c t i o n of seeds r e s u l t i n g i n the 
death of the p l a n t . I f the f l o w e r i n g shoot i s damaged and no seeds 
are produced, the p l a n t can delay seed p r o d u c t i o n another season 
(Harper, 1977). 
D i g i t a l i s i s found only i n r e c e n t l y c l e a r e d B - Plan sub-units 
i n phase IV (Table 8.2.). I n the e i g h t s p e c i a l quadrats of phase 
IV, i t i s found i n f o u r B - Plan sub-quadrats, associated more 
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f r e q u e n t l y w i t h the 'u b i q u i t o u s ' B - Plan species Rubus agg. as 
w e l l as w i t h A g r o s t l s c a p l l l a r i s . A, s t o l o n i f e r a , Chamerion 
a n g u s t i f o l i u m and I l e x a q u i f o l i u m (Table 8,3,). I t does not 
appear t o be p a r t i c u l a r l y associated w i t h the other two 'u b i q u i t o u s ' 
B - Plan species Hedera h e l i x and Lonicera periclymenium. Table 
8,3, shows the percent occurrence of these species i n the sub-quadrats 
w i t h D i g i t a l i s , compared to the percent occurrence of these species 
i n a l l the 111 sub-quadrats of the e i g h t s p e c i a l quadrats. They 
Table 8,3. Percentage frequency of occurrence of some species 
i n the sub-quadrats w i t h D i g i t a l i s purpurea compared 
to the percentage frequency of occurrence of these 
species i n a l l the l U sub-quadrats of the e i g h t 
s p e c i a l quadrats i n phase IV 
Species Percentage frequency Percentage frequency 
i n the fo u r sub- i n the t o t a l 111 
quadrats where sub-quadrats 
D i g i t a l i s occurs 
A g r o s t i s c a p i l l a r i s 
A. s t o l o n i f e r a 
Chamerion a n g u s t i f o l i u m 
Hedera h e l i x 










are l i g h t demanders l i k e D i g i t a l i s . A. c a p i l l a r i s and D i g i t a l i s 
belong t o Bunce*s (1982) i n d i c a t o r s of a c i d brown e a r t h s i n the 
open or i n woodland. Chamerion, l i k e D i g i t a l i s i s an o p p o r t u n i s t i c 
species associated w i t h d i s t u r b a n c e . 
D i g i t a l i s occurs i n fo u r sub-quadrats c l e a r e d two years before 
sampling, 13.16, 14.13, 14,14, and 14.15. Figure 8.1. i l l u s t r a t e s 
the phenology of species i n these sub-quadrats. I n three of the 
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sub-quadrats i t appears as seedlings l a t e r i n the season t o over-
w i n t e r . I n 13.16, i t was i n i t s second year of growth and was cut 
back before any seed was s e t , hence i t w i l l s u r v i v e i n t o a t h i r d 
season. 
D i g i t a l i s i s d i s t i n c t l y a p l a n t of l i g h t h a b i t a t s . Hence 
the d i f f u s e s i t e f a c t o r s f o r the f o u r sub-quadrats w i t h D i g i t a l i s , 
May mean = 51% and August mean = 49%, are s i g n i f i c a n t l y higher 
(p = 0.0073 and 0.0093 r e s p e c t i v e l y ) , than the f a c t o r s f o r the e i g h t 
non-B - Plan sub-quadrats of quadrats 13 and 14, May mean = 29% 
and August mean = 28%, using a o n e - t a i l e d d i r e c t i o n a l Mann-Whitney 
U-test. The d i r e c t s i t e i n d i c e s f o r the fo u r sub-quadrats w i t h 
D i g i t a l i s , May mean = 46% and August mean = 44%, are higher but 
not s i g n i f i c a n t l y so, than the i n d i c e s f o r the non-B - Plan sub-
quadrats of quadrats 13 and 14, May mean = 33% and August mean = 32%. 
The c o m p e t i t i v e advantage of D i g i t a l i s l i e s p r i m a r i l y i n i t s 
seed bank and not I n the a b i l i t y t o remain f o r any l e n g t h of time 
i n the ground f l o r a . I t s small seeds are p o o r l y dispersed i n space, 
but w e l l dispersed i n time, due t o t h e i r l o n g e v i t y i n the s o i l 
(Harper, 1977), being d a r k - i n h i b i t e d t o reduce t h e i r chance of 
germinating w h i l e b u r i e d (Cresswell and Grime, 1981). Hence, although 
D i g i t a l i s i s not abundant i n the ground f l o r a , i t i s p a r t i c u l a r l y 
abundant i n the seed bank of Tavistock Woodlands, o c c u r r i n g i n 116 
of a t o t a l of 160 samples w i t h , i n some cases, over 200 se e d l i n g s , 
i t occurs i n the seed bank of a l l quadrats but 4 and 52. This enables 
i t t o respond r a p i d l y t o l o c a l disturbance w i t h dense p o p u l a t i o n 
growth (Harper, 1977). I t i s i n t e r e s t i n g t o compare t h i s c o m p e t i t i v e 
s t r a t e g y t o t h a t of i t s associate Chamerion. Unlike D i g i t a l i s , Chamerion 
seeds r a p i d l y lose v i a b i l i t y a f t e r two years i n the s o i l (Thompson 
and Grime, 1979), but t h i s l a c k of c o m p e t i t i v e advantage i s compensated 
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f o r by i t s a b i l i t y t o remain i n a v e g e t a t i v e s t a t e up t o 27 years 
(Myerscough, 1980) and by i t s having seed w e l l dispersed i n space 
by the wind. A second c o m p e t i t i v e advantage i s the a b i l i t y o f 
D i g i t a l i s t o prolong i t s l i f e c y c l e , i f the f l o w e r i n g spike i s damaged. 
A comparison of the c o m p e t i t i v e phenologies shows t h a t the percentage 
s i m i l a r l y of D i g i t a l i s p a i r e d t o w i t h c o o l and w i t h warm season 
species i s not s i g n i f i c a n t l y d i f f e r e n t , because D i g i t a l i s occurs 
only as a s e e d l i n g l a t e i n the season i n three of the fou r sub-quadrats 
The d i s t r i b u t i o n and p o p u l a t i o n l e v e l s of D i g i t a l i s are not 
p a r t i c u l a r l y a f f e c t e d by B - Plan management i n so f a r as the species 
i s able t o s u r v i v e the dark 35 years stage of an even-aged c o n i f e r 
r o t a t i o n ( H i l l , 1979a). However B - Plan management means t h a t at 
any one p o i n t i n time. D i g i t a l i s w i l l be present i n several d i f f e r e n t 
stages of i t s l i f e c y c l e : 
1) i n the seed bank; 
2) as seedlings; 
3) as o v e r - w i n t e r i n g r o s e t t e s ; 
4) as f l o w e r i n g and seed producing p l a n t s . 
This i s u n l i k e the a l l or nothing s i t u a t i o n i n an even-aged r o t a t i o n 
where D i g i t a l i s i s very abundant i n the ground f l o r a j u s t a f t e r 
c l e a r - f e l l i n g and then disappears and becomes p a r t of the seed bank 
f o r most of the remaining r o t a t i o n . 
8.2.2, Set 3 species - c o o l season sub-set 
Carex p i l u l i f e r a 
Carex p i l u l i f e r a , a species o f grassy or heathy places, which 
i s sometimes found i n open woods (Jermy and T u t i n , 1968) i s described 
by S a l i s b u r y (1924) as a less frequent species of woodland margins. 
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I t i s a semi-evergreen w i t h some o v e r - w i n t e r i n g leaves (Jermy and 
T u t i n , 1968) w i t h a r o s e t t e l e a f arrangement r e s u l t i n g i n higher 
l e a f temperatures and hence the a b i l i t y t o u t i l i z e l i g h t throughout 
the year f o r p h o t o s y t h e t i c p r o d u c t i o n , whenever temperatures permit 
(Packham and Harding, 1982), 
C. p i l u l i f e r a i s found more f r e q u e n t l y i n B - Plan sub-quadrats 
i n phases I I I and IV (Tables 8.1, and 8.2.), I n the e i g h t s p e c i a l 
quadrats of phase IV, i t i s found i n s i x sub-quadrats, f o u r of which 
are i n B - Plan subrtinits. I n these sub-quadrats, i t i s more f r e q u e n t l y 
associated w i t h A g r o s t i s c a p i l l a r i s , Rubus agg. and Luzula p i l o s a 
and not e s p e c i a l l y associated w i t h Hedera h e l i x or Lonicera p e r i c l y -
menum. Table 8.4. shows the percentage frequency of occurrence 
of species found w i t h C. p i l u l i f e r a , compared t o t h e i r percentage 
frequency of occurrence i n a l l the 111 sub-quadrats. I t i s present 
o n l y once w i t h A g r o s t i s s t o l o n i f e r a , Calluna v u l g a r i s , D r y o p t e r i s 
d i l l t a t a , Juncus ef f u s u s and Holcus l a n a t u s . C. p i l u l i f e r a , w i t h 
Luzula and A. c a p i l l a r i s i s among Bunce*s (1982) group of i n d i c a t o r s 
f o r a c i d brown earths i n the open or i n woodland. 
C, p i l u l i f e r a i s found i n three B - Plan sub-quadrats c l e a r e d 
two years before sampling, 13.15, 55.15 and 56.15. I t i s present i n 
only one o l d e r B - Plan s u b - u n i t , 13.10, cleared 20 years before 
sampling. Figure 8.1, shows the seasonal phenology f o r C. p i l u l i f e r a 
i n these f o u r sub-quadrats f o r the 1982 season. Where i t i s an 
immature p l a n t i n newly cleared s i t e s , - 13.15, and 55.15, i t does 
not f l o w e r . Flowering i s delayed i n 13.10 t o J u l y and the p l a n t s 
r a p i d l y begin t o decay i n August. I t e x h i b i t s a v e r n a l p h e n o l o g i c a l 
p a t t e r n f l o w e r i n g i n May i n - 56.15 (Figure 8.1.). 
I t appears t o be r e s t r i c t e d t o the s i t e s which have a h i s t o r y o f 
continuous woodland - quadrats 13,55 and 56, but i t does not appear 
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Table 8.4. Percentage frequency of occurrence of some species 
I n those sub-quadrats w i t h Carex p i l u l i f e r a compared 
to the percentage frequency of occurrence of these 
species I n a l l the 111 sub-quadrats of the e i g h t 
s p e c i a l sub-quadrats i n phase IV 
Species Percentage Percentage 
frequency i n the frequency i n the 
t o t a l s i x sub- fo u r B - Plan 
quadrats where sub-quadrats 
C. p i l u l i f e r a where C. 
occurs p i l u l i f e r a occurs 
Percentage 
frequency i n the 
t o t a l 111 sub-
quadrats 
A g r o s t i s 
c a p i l l a r i s 
Hedera h e l i x 
Lonicera 
periclymenum 

















i n the over-mature coppice of quadrat 52. 
The d i f f u s e s i t e f a c t o r s f o r t h e e i g h t non-
B - Plan sub-quadrats of the three quadrats where C. p i l u l i f e r a i s 
present (minus the values f o r the two sub-quadrats i n t h i s group 
w i t h C, p i l u l i f e r a ) f o r both May (mean = 30%) and August (mean = 
30%), are louer, but not s i g n i f i c a n t l y so, than the values f o r the 
s i x sub-quadrats where C. p i l u l i f e r a occurs, May (mean = 38%) and 
August (mean = 35%). The d i r e c t s i t e i n d i c e s used i n a s i m i l a r 
c a l c u l a t i o n f o r both May and August show t h a t the t r e n d i s the same, 
but again not s t a t i s t i c a l l y s i g n i f i c a n t . 
C. p i l u l i f e r a has the c o m p e t i t i v e advantages of semi-evergreeness 
and v e r n a l growth and f l o w e r i n g . Where i t i s present i n the r e c e n t l y 
c l e a r e d sub-quadrats, i t competes w i t h up t o nine o t h e r species 
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i n c l u d i n g the aggressive ' u b i q u i t o u s ' Rubus and s e v e r a l grasses. 
A l l these species are able t o occupy t h i s one small space p a r t l y 
because d i f f e r i n g p h e n ological s t r a t e g i e s reduce niche o v e r l a p and 
thus reduce c o m p e t i t i o n . These d i f f e r i n g s t r a t e g i e s range from 
seedlings, summer - green grasses l i k e A g r o s t i s spp., warm season 
species l i k e Veronica o f f i c i n a l i s and Hypericum pulchrum t o the 
semi-evergreen or evergreens l i k e Carex, Luzula, Calluna v u l g a r i s 
and Juncus e f f u s u s . I n the o l d e r B - Plan s u b - u n i t , sub-quadrat 
13.10, only f i v e species remain. C. p i l u l i f e r a i s able t o s u r v i v e 
here because i t has a higher d i f f u s e l i g h t l e v e l i n May, 33% than 
i t s p a i r , 13.9, 10%, although the l e v e l decreases t o 16% by August. 
The amount of l i g h t reaching t h i s sub-unit i s g r e a t e r because i t i s 
on the edge of the u n i t near the recent c l e a r i n g s f o r 13.17 and 
13.18. Hence C. p i l u l i f e r a i s b e n e f i t t i n g from edge e f f e c t s created 
by B - Plan management, but the suggestion i s t h a t i t i s growing 
on the l i m i t s of i t s t o l e r a n c e here because i t f l o w e r s l a t e and 
decays e a r l y , 
C. p i l u l i f e r a i s more s i m i l a r i n i t s c o m p e t i t i v e s t r a t e g y t o 
the semi-evergreen or evergreen species l i k e Hedera and l e s s t o the 
summer-green species l i k e Veronica. The percentage s i m i l a r i t i e s of 
C. p i l u l i f e r a when compared w i t h c o o l season species, mean = 81%, are 
s i g n i f i c a n t l y higher (p = 0.0A21) than the percentage s i m i l a r i t i e s 
when compared w i t h the warm season species, mean = 60%, using a 
o n e - t a i l e d d i r e c t i o n a l Mann-Whitney U-test. 
The p h e n o l o g i c a l s t r a t e g y of semi-evergreeness of C. p i l u l i f e r a 
and v e r n a l growth, appear t o a l l o w i t t o compete s u c c e s s f u l l y i n 
B - Plan s u b - u n i t s . There i s some suggestion t h a t i t dies out as the 
sub-units age, but i t i s abundant i n the seed bank (Chapter 7) and 
as such can e x p l o i t the c o n s t a n t l y moving p a t t e r n of new c l e a r i n g s 
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adjacent co the o l d ones created by B - Plan management, when c o n d i t i o n s 
become too s t r e s s f u l under the maturing canopies of o l d e r B - Plan 
s u b - u n i t s . 
D r y o p t e r i s d i l a t a t a 
D r y o p t e r i s d i l a t a t a I s a p e r e n n i a l species, sometimes w i t h 
s u b - p e r s i s t e n t , semi-evergreen fronds (Clapham et al,, 1962), thus 
g i v i n g i t some p h o t o s y n t h e t i c advantage i n the e a r l y s p r i n g . L i k e 
Athyrium f i l i x - f e m i n a , i t i s a shade-tolerant species. 
D r y o p t e r i s does not appear t o be found more f r e q u e n t l y i n 
the B - Plan sub-quadrats of the 19 quadrats i n phases I I and I I I 
(Table 8.1.). However i n the 111 sub-quadrats of the e i g h t s p e c i a l 
quadrats of phase IV, i t i s found m a r g a i n a l l y more f r e q u e n t l y than 
expected i n the B - Plan sub-quadrats (Table 8,2.). Of these s i x 
sub-quadrats, h a l f of them are i n B - Plan sub-units.. I t i s not found 
together w i t h any species more than once i n these s i x except f o r 
the 'ubiquitous* species Hedera h e l i x , Lonicera periclymenum and 
Rubus agg. Of these t h r e e , i t o n l y appears t o be associated w i t h 
Lonicera (Table 8.5.). With Lonicera, D r y o p t e r i s i s among the group 
of Bunce's (1982) i n d i c a t o r s f o r woodland w i t h a c i d brown e a r t h s . 
The t h r e e B - Plan sub-quadrats where D r y o p t e r i s occurs were 
cl e a r e d v a r y i n g times before sampling, 13,5 - two years» 13.14 -
nine years and 56.12 - 15 years. Figure 8,1. shows the p h o n o l o g i c a l 
p a t t e r n s f o r these sub-quadrats i n the 1982 season. The fronds 
are only p e r s i s t e n t over the w i n t e r i n 13,14, I n 13.15 D r y o p t e r i s 
had no o v e r - w i n t e r i n g fronds i n the s p r i n g and i t d i d not produce 
spores (Figure 8.1.) suggesting t h a t t h i s was an immature p l a n t 
r e s u l t i n g from the recent B - Plan c l e a r i n g . 
I t appears t h a t l i k e Athyrium, D r y o p t e r i s can c o l o n i z e new 
B - Plan s i t e s . Likewise, because of i t s t o l e r a n c e of a wide range 
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of d i f f e r i n g l i g h t environments, from 65% d i f f u s e and 48% d i r e c t 
l i g h t i n 13.15, down t o 5% d i f f u s e and 4% d i r e c t i n 56.12, i t can 
remain i n B - Plan sub-units f o r many years and p o s s i b l y throughout 
the e n t i r e B - Plan r o t a t i o n . I t i s even capable of r e p r o d u c t i o n 
under the low l i g h t c o n d i t i o n s ( 5 % - d i f f u s e s i t e f a c t o r ) i n 56.12 
(Figure 8.1.). D r y o p t e r i s was one of the three remaining species 
of vascular p l a n t s under a 43 ye a r - o l d F o r e s t r y Commission Picea 
s i t c h e n s i s p l a n t a t i o n ( H i l l and Hays, 1978). The f a c t o r s 
Table 8.5, Percentage frequency of occurrence of some species i n 
those sub-quadrats w i t h D r y o p t e r i s d i l i t a t a compared 
t o percentage frequency of occurrence of these species 
i n a l l the 111 sub-quadrats of the e i g h t s p e c i a l 
quadrats of phase IV 
Species Percentage Percentage Percentage 
frequency i n the frequency i n the frequency i n the 
t o t a l s i x sub- three B - Plan t o t a l 111 sub-
quadrats where sub-quadrats quadrats 
D r y o p t e r i s occurs where D r y o p t e r i s 
occurs 
Hedera h e l i x 50 67 67 
Lonicera 83 67 55 
periclymenum 
Rubus agg. 67 67 81 
of both d i f f u s e and d i r e c t l i g h t i n the s i x sub-quadrats where i t 
occurs are not s i g n i f i c a n t l y d i f f e r e n t (Mann-Whitney U - t e s t ) from 
t h e l i g h t f a c t o r s . i n the other non-B - Plan sub-quadrats 
w i t h o u t D r y o p t e r i s i n the same quadrats. This i s as expected i n 
a p l a n t w i t h a wide t o l e r a n c e of d i f f e r i n g l i g h t i n t e n s i t i e s . 
L i k e Athyrlum, the c o m p e t i t i v e advantage of D r y o p t e r i s l i e s 
i n i t s a b i l i t y t o t o l e r a t e a range of l i g h t I n t e n s i t i e s and t o l i n g e r 
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i n B - Plan u n i t s long a f t e r other species have succumbed. The 
number of species decrease u n i f o r m l y w i t h i n c r e a s i n g m a t u r i t y o f the 
B - Plan s u b - u n i t s , 13.15 - two years - seven species, 13.14 - nine 
years - f o u r species and 56.12 - 15 years - three species. Where 
i t appears i n a new s i t e l i k e 13.15, i t grows w i t h species of d i f f e r i n g 
p h e n o logical s t r a t e g i e s thus a c t i n g t o reduce the c o m p e t i t i v e pressure 
on each one and increase the number of niches i n space. I n 13.15 
there are seedlings of Carex p i l u l i f e r a and Holcus l a n a t u s , semi-
evergreen and evergreens l i k e Lonicera and Hedera, and a grass which 
died out i n May, A g r o s t i s c a p i l l a r i s . The Rubus was kept under 
c o n t r o l i n t h i s sub-unit by estate"weeding of i t d u r i n g 1981-1982. 
When the species number i n 56.12 has decreased t o t h r e e , the remaining 
i n d i v i d u a l s of Athyrium, D r y o p t e r i s and Hedera are sparse and w e l l -
spaced o u t . As w i t h Athyrium, the suggestion w i t h D r y o p t e r i s i s 
t h a t success depends not on short term i n t e r - s p e c i f i c c o m p e t i t i o n , 
but r a t h e r on the a b i l i t y t o t o l e r a t e long term s t r e s s . 
As expected i n a species which can e i t h e r e x h i b i t c o o l season 
phenologies w i t h p e r s i s t e n t fronds or o n l y warm season growth, the 
p e r c e n t a g e s i m i l a r i t i e s f or D r y o p t e r i s p a i r e d w i t h cool season and 
w i t h warm season species using Mann-Whitney U-test are not s i g n i f i c a n t l y 
d i f f e r e n t . 
D i s t r i b u t i o n of D r y o p t e r i s does not appear t o be p a r t i c u l a r l y 
a f f e c t e d by B - Plan management, because the species can even s u r v i v e 
an even-aged c o n i f e r r o t a t i o n ( H i l l and Hays, 1978). This e x p l a i n s 
why i t i s only present w i t h s l i g h t l y g r e a t e r frequency i n B - Plan 
s u b - u n i t s . 
Luzula p i l o s a 
Luzula p i l o s a i s a member of the oak f i e l d l a y e r (Tansley, 
1939) and i s an i n d i c a t o r of primary woodland i n eastern England 
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(Peterken, 1974). I t i s t o l e r a n t of some shade (Brown and Oosterhuis, 
1981) and i s a p e r e n n i a l , semi-evergreen, thus having a p h o t o s y n t h e t i c 
advantage i n e a r l y s p r i n g , when l i g h t l e v e l s are l e s s than t h a t 
of f u l l summer l i g h t . I n the e a r l y s p r i n g , l e a f temperature l i m i t s 
photosynthesis. However i n species l i k e Carex p i l u l i f e r a and Luzula 
where the already green leaves are arranged i n a r o s e t t e , t h i s maximizes 
l e a f temperature and makes p o s s i b l e the u t i l i z a t i o n of the l i g h t 
e a r l y i n s p r i n g , ( G i v i n i s h , 1982). Mahall and Bormann (1978) suggest 
t h a t semi-evergreens are capable of considerable net photosynthesis 
d u r i n g the summer shade phase as w e l l as under a dark c o n i f e r o u s 
canopy due t o t h e i r low compensation p o i n t s . 
Luzula i s found more f r e q u e n t l y (when compared t o the t o t a l 
percent of B - Plan versus non-B - Plan sub-quadrats) i n the B - Plan 
sub-quadrats i n phases I I I and IV (Tables 8.1. and 8.2.). I n the 
e i g h t s p e c i a l quadrats of phase IV, i t i s found i n 17 sub-quadrats, 
ten of which are B - Plan. I n these sub-quadrats, i t i s more f r e q u e n t l y 
i n a s s o c i a t i o n w i t h the 'ubiquitous* T a v i stock Woodlands species, 
Lonicera periclymenum and Rubus agg; as w e l l as w i t h A g r o s t i s 
c a p i l l a r i s , A. s t o l o n i f e r a , Carex p i l u l i f e r a . D i g i t a l i s purpurea, 
Hypericum pulchrum, Melampyrum pratense and Teucrium scorodonia. 
I t appears t o be less f r e q u e n t l y associated w i t h Hedera h e l i x , another 
* u b i q u i t o u s ' T a v i stock Woodlands species. Table 8.6. shows the 
percentage occurrence of these species i n a l l 111 sub-quadrats of 
the e i g h t s p e c i a l quadrats. These coppice species are Bunce's (1982) 
i n d i c a t o r s o f a c i d , brown earths i n woodland or i n the open. They 
are light-demanding and hence some of them are t y p i c a l c o p p i c i n g 
p l a n t s , i . e . Teucrium, Melampyrum and D i g i t a l i s (Rackham, 1980a; '. 
Packham and Harding, 1982). 
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Table 8.6. Percentage frequency of occurrence of some species i n 
those sub-quadrats w i t h Luzula p i l o s a compared t o 
percentage frequency of occurrence of these species 
i n a l l the 111 sub-quadrats of the e i g h t s p e c i a l 
quadrats i n phase IV 
Species Percentage Percentage Percentage 
frequency i n the frequency i n the frequency i n the 
t o t a l 17 sub- ten B - Plan t o t a l 111 sub-
quadrats where sub-quadrats quadrats 
Luzula occurs where Luzula 
occurs 
A g r o s t i s 
c a p i l l a r i s 35 50 14 
A. s t o l o n i f e r a 24 30 10 
Carex 
p i l u l i f e r a 18 30 5 
D i g i t a l i s 
purpurea 6 10 4 
Hedera h e l i x 71 . 50 67 
Hypericum 
pulchrum 18 20 5 
Lonicera 
periclymenum 82 90 55 
Melampyrum 
pratense 18 30 11 
Rubus agg. 94 100 81 
Teucrlum scorodonia 29 20 
Luzula i s found i n s i x B - Plan sub-quadrats which were c l e a r e d 
two years before the 1982 sampling - 13.16, 13.17, 55.15, 55.16, 
56.15 and 56.16. I t i s also present i n th r e e sub-quadrats c l e a r e d 
nine years before sampling - 13.14, 54.13 and 54.14. The o n l y o l d e r 
B - Plan sub-quadrat where i t i s found i s 13.10 which was c l e a r e d 
20 years before sampling. Figure 8.1, shows the seasonal phenology 
of Luzula i n these sub-quadrats f o r the 1982 season. Where i t i s 
found under a closed canopy as i n 13.10, 54.2 and 55,4, i t does 
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not f l o w e r . Of the other s i x non-B - Plan sub-quadrats where Luzula 
i s found, f o u r are under the l i g h t deciduous canopy i n quadrat 54. 
Of the remaining two, sub-quadrat 55.8 i s under a l i g h t canopy a d j o i n i n g 
a r i d e and 55,6 l i k e 55.4 i s under a dark canopy, but u n l i k e 55.4, 
Luzula does fl o w e r here. Luzula i s completely absent from quadrat 
52, the overgrown coppice. 
The d i f f u s e l i g h t f a c t o r s f o r the hon-B - Plan sub-
quadrats of the f o u r quadrats where Luzula occurs (minus the values 
f o r the seven sub-quadrats i n t h i s group w i t h Luzula) f o r both May 
(mean = 31%) and August (mean = 28%), are s i g n i f i c a n t l y lower when 
examined using the Mann-Whitney U-test - o n e - t a i l e d (p = 0,0335 and 
0.0396 r e s p e c t i v e l y ) than the values f o r the 17 sub-quadrats where 
Luzula occurs. May (mean = 39%) and August (mean = 36%), Hence the 
presence of Luzula I s d e f i n i t e l y i n f l u e n c e d by d i f f u s e l i g h t . There 
was no s i g n i f i c a n t d i f f e r e n c e between the two groups above using the 
d i r e c t s i t e i n d i c e s i n the same c a l c u l a t i o n . 
I n a d d i t i o n t o having the c o m p e t i t i v e advantage of evergreeness, 
Luzula adopts a v e r n a l c o m p e t i t i v e s t r a t e g y and f l o w e r s as e a r l y as 
A p r i l and forms seed i n at l e a s t 50% of the f l o w e r s as e a r l y as May 
(Figure 8.1.). By the end of August, i t shows some signs o f decay. 
Luzula i s present i n r e c e n t l y c l e a r e d sub-quadrats w i t h many other 
species, and i s able t o remain i n the sub-unit up t o nine years a f t e r 
c l e a r i n g , when the maximum number of species i s e i g h t w i t h a mean of 
6.67. I n the o n l y sub-quadrat where Luzula has remained u n t i l 20 years 
a f t e r c l e a r i n g , o n l y f i v e species remain. 
Luzula i s more s i m i l a r i n i t s c o m p e t i t i v e s t r a t e g y t o evergreen 
species and l e s s t o the summer-green species. The percentage 
s i m i l a r i t i e s of Luzula p a i r e d w i t h semi-evergreen or evergreen species 
are g r e a t e r than t h a t of Luzula p a i r e d w i t h summer-green species 
318 
i n c l u d i n g Rubus agg., Lonicera and the grasses, means = 71% versus 
63%. This r e s u l t i s s i m i l a r t o t h a t obtained by Fowler and Antonovics 
(1981) when they compared the p h e n o l o g i c a l s t r a t e g i e s of two temporal 
g u i l d s of competing grassland species, c o o l season versus warm season. 
Cool season species p a i r e d w i t h other c o o l season species showed a 
higher mean percentage s i m i l a r i t y t o t h a t of the mean of p a i r s of c o o l 
w i t h warm. The d i f f e r e n c e s i n t h i s study are not s t a t i s t i c a l l y s i g n i -
f i c a n t f o r Luzula, using a Mann-Whitney U-test, probably because th e r e 
are too few samples. I n a d d i t i o n , seedlings l i k e Pseudotsuga m e n z i e s i i 
appear l a t e i n the season and as a r e s u l t have a low percentage s i m i l a r i t y , 
w h i l e the a d u l t of the species has a s i m i l a r s t r a t e g y t o Luzula and 
hence a high percentage s i m i l a r i t y . When some of the l a t e season 
o c c u r r i n g seedlings such as Pseudotsuga are o m i t t e d from the c a l c u l a t i o n 
the d i f f e r e n c e between the two, (means = 80% and 68%) becomes s t a t i -
s t i c a l l y s i g n i f i c a n t , p = 0.0A12 using a o n e - t a i l e d Mann-Whitney U-test. 
However, the general t r e n d i s s i m i l a r t o Fowler and Antonovics' (1981) 
r e s u l t s . Table 8.7. shows t h i s t r e n d . The mean percentage s i m i l a r i t y 
of Luzula p a i r e d w i t h each of the other species i n the ten B - Plan 
sub-quadrats, 65%, roughly d i v i d e s a l l the species i n t o the two groups 
of d i f f e r i n g c o m p e t i t i v e s t r a t e g i e s . 
Luzula's p h e n o l o g i c a l s t r a t e g y of semi-evergreeness and v e r n a l 
growth appear t o a l l o w i t t o compete very s u c c e s s f u l l y w i t h many 
others i n c l u d i n g w i t h very aggressive species l i k e Rubus. The r e d u c t i o n 
i n l i g h t under a closed canopy i s the primary f a c t o r i n f i n a l l y 
l i m i t i n g the growth and u l t i m a t e l y the presence of Luzula. Had the 
e n t i r e study s i t e been covered by a continuous, closed canopy and not 
B - Plan such as t h a t i n the mature B - Plan sub-quadrats or even the 
closed but deciduous canopy i n quadrat 52, the d i s t r i b u t i o n of Luzula 
would be severely l i m i t e d . 
319 
Table 8,7, Mean percentage s i m i l a r i t y of Luzula p i l o s a p a i r e d 
w i t h the other species i n the ten B - Plan sub-quadrats 
where Luzula occurs 
Mean percentage 
s i m i l a r i t y Species 
100 D r y o p t e r i s d i l i t a t a 
93 I l e x a q u i f o l i u m 
84 Calluna v u l g a r i s 
84 A g r o s t i s s t o l o n i f e r a 
77 Carex p i l u l i f e r a Species w i t h 
76 Juncus ef f u s u s predominantly 
75 Hedera h e l i x c o o l season 
75 Veronica o f f i c i n a l i s s t r a t e g i e s 
74 Quercus x rosacea (>65% s i m i l a r i t y ) 
73 Rubus agg. 
70 A g r o s t i s c a p i l l a r i s 
70 Luzula m u l t i f l o r a 
66 Holcus lanatus 
64 Athyrium f i l i x - f e m i n a 
62 P t e r l d i u m a q u i l i n u m 
59 Teucrium scorodonia Species w i t h 
54 Lonicera periclymenum predominantly 
53 Hypericum pulchrum warm season 
41 Melampyrum pratense s t r a t e g i e s 
33 Deschampsia flexuosa «65% s i m i l a r i t y ) 
33 Pseudotsuga m e n z i e s i i 
14 D i g i t a l i s purpurea 
8.2.3. Set 3 species - warm season sub-set 
Athyrium f l l i x - f e m i n a 
Athyrium f i l i x - f e m i n a , a p e r e n n i a l , i s common i n damp, shady 
s i t u a t i o n s (Hyde and Wade, 1962). I t has a low l i g h t compensation 
p o i n t between 300 and 500 l u x and as such i s a shade p l a n t (Packham 
and Harding, 1982). I t i s one of Bunce's (1982) i n d i c a t o r s of gleyed 
brown e a r t h s , i n the open or i n woodlands, 
Athyrium i s found more f r e q u e n t l y i n the B - Plan sub-quadrats 
of phases I I I and IV (Tables 8,1. and 8,2,), I n the e i g h t s p e c i a l 
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quadrats of phase I V ^ i t i s found i n e i g h t sub-quadrats, f i v e of which 
are lo c a t e d i n B - Plan s u b - u n i t s . Of the species selected f o r 
c l o s e r examination, i t i s second o n l y t o D i g i t a l i s purpurea i n i t s 
preference f o r B - Plan u n i t s . I n these quadrats, i t i s found more 
f r e q u e n t l y than not i n a s s o c i a t i o n w i t h the 'ubiquitous* T a v i s t o c k 
Woodlands species Hedera h e l i x , as w e l l as w i t h Blechnum s p i c a n t 
(Table 8.8.), Blechnum spicant and Athyrium are used i n c o n t i n e n t a l 
f o r e s t r y as i n d i c a t o r s of high r e l a t i v e h u m i d i t y ( S i s s i n g h , 1982). 
Athyrium could w e l l be associated w i t h D r y o p t e r i s d i l i t a t a and 
Rhododendron ponticum, but as these species o n l y occur once i n sub-
quadrats w i t h Athyrium, i t i s not p o s s i b l e t o prove t h i s . I t does 
not appear t o have any p a r t i c u l a r a f f i n i t y w i t h the other two 
'u b i q u i t o u s ' T a v istock Woodlands species Lonicera or Rubus. (Table 
8.8.) 
Athyrium i s growing i n two B - Plan sub-quadrats c l e a r e d two 
years before the sampling i n 1982, 55.16 and 14.13. I n 55.16 i t 
appears as a young p l a n t i n A p r i l ( F igure 8.1.). I t i s abundant 
i n the seed bank of t h i s quadrat, 42 I n d i v i d u a l s being d e r i v e d from 
one s o i l sample. Hence, the Athyrium i n 55.16 i s probably a r e s u l t 
of the new c l e a r i n g . However, the p l a n t i n 14.13 i s mature and 
as such could w e l l be a remnant of the previous closed canopy of 
Picea s i t c h e n s i s , or a p l a n t from the c l e a r i n g two years b e f o r e . 
I t does not appear anythwere else i n quadrat 14. H i l l and Hays 
(1978) conclude t h a t few vascular ground f l o r a species s u r v i v e the 
t h i c k e t stage o f P. s i t c h e n s i s , except sparse D r y o p t e r i s d i l i t a t a , 
Deschampsia flexuosa and Vaccinium m y r t l l l u s . This suggests i t 
i s a r e s u l t of the recent c l e a r i n g . 
The other three B - Plan sub-quadrats where Athyrium i s growing 
are o l d e r than these previous two and have few species remaining 
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Table 8.8. Percentage frequency of occurrence of some species 
i n those sub-quadrats w i t h Athyrlum f l l l x - f e m i n a 
compared t o percentage frequency of occurrence of 
these species i n a l l the 111 sub-quadrats of the 
ei g h t s p e c i a l quadrats i n phase IV 
Species Percentage Percentage Percentage 
frequency i n the frequency i n the frequency i n the 
t o t a l e i g h t sub- f i v e B - Plan t o t a l 111 sub-
quadrats where sub-quadrats quadrats 




D r y o p t e r i s 
d i l i t a t a 























i n the ground f l o r a . 55.11 and 56.12 were c l e a r e d 14 years before 
sampling and 55.10 was c l e a r e d 20 years before sampling. Figure 
8.1. shows the 1982 seasonal phenology f o r the species i n these 
B - Plan sub-quadrats. Athyrlum produces spores i n only two of 
the e i g h t sub-quadrats, 55.6 and 56,12. 56.12 has the lowest d i f f u s e 
l i g h t f a c t o r ( o f the t o t a l i n the open) recorded, 5%, 55.6 
at 26%, i s s i m i l a r t o the mean value f o r the e i g h t sub-quadrats, 
25%. Obviously Athyrium does not need t o depend on high l i g h t l e v e l s 
f o r r e p r o d u c t i o n . 
Athyrium * germinated' w e l l under the b r i g h t but humid c o n d i t i o n s 
o f the greenhouse, as w e l l as under those o f a newly c l e a r e d B - Plan sub-
u n i t . I t appears t o have a preference f o r the more u n i f o r m l y s t a b l e 
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and moist c o n d i t i o n s of a short-needled c o n i f e r o u s canopy. Only 
once i n phase IV does i t occur under.the d i r e r , more open Pinus 
canopy i n sub-quadrat 9,6, I t appears t o be t o l e r a n t of a range 
of d i f f u s e l i g h t i n t e n s i t i e s from 5% t o 46%. The d i f f u s e 
s i t e f a c t o r s f o r May, mean = 24.75% (no d i f f e r e n t values f o r August) 
i n sub-quadrats w i t h Athyrium . are not s i g n i f i c a n t l y lower 
than the d i f f u s e s i t e f a c t o r s f o r the sub-quadrats of the f o u r 
quadrats (minus those sub-quadrats w i t h A t h y r i u m ) , where Athyrium 
i s present, mean = 29.69%, using o n e - t a i l e d Mann-Whitney U-test, However, 
the d i r e c t s i t e i n d i c e s when used i n the same way, shows t h a t the 
values i n sub-quadrats w i t h Athyrium, mean = 26%, are s i g n i f i c a n t l y 
lower (p = 0.0398) than the values of the r e l e v a n t sub-quadrats 
w i t h o u t Athyrium, mean = 37%, 
Athyrium's c o m p e t i t i v e advantage l i e s i n i t s a b i l i t y t o t o l e r a t e 
t h i s range of l i g h t i n t e n s i t i e s and t o l i n g e r i n the B - Plan sub-
quadrats long a f t e r other species have died out due t o i t s low compen-
s a t i o n p o i n t . I n T a v i s t o c k Woodlands i t i s s t r i c t l y a warm season 
p l a n t , i t s fronds u n f u r l i n g i n A p r i l and dying back i n the autumn 
(F i g u r e 8.1.). Under the closed canopies of 55,10 and 55.11, i t 
begins t o d i e back by the end of August and i n 55.11, i t i s gone 
by the t h i r d week i n October. I n the open, 55.16, i t l i n g e r s on 
and shows no signs of decay at the end of October (Figure 8,1.). 
I n the two r e c e n t l y c l eared sub-quadrats, 14,13 and 55,16 t h e r e 
are s i x and nine species present, r e s p e c t i v e l y . I n the sub-quadrats 
cleared 14 years b e f o r e , 55.11 and 56.12 the number of species had 
decreased t o t h r e e and remains at t h i s l e v e l t o 20 years a f t e r c l e a r i n g 
i n 55.10. I t does not appear t o be a c o m p e t i t i v e l y *robust* species 
as i t appears t o *avoid* growing w i t h the more aggressive species 
l i k e Lonicera and Rubus (Table 8.8,). Where i t appears i n new s i t e s . 
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U.13, and 55.16, (Figure 8.1.) i t i s competing w i t h species of 
d i f f e r i n g p h e n ological s t r a t e g i e s which could act t o reduce the 
c o m p e t i t i v e pressure on the Athyrium. The species i n 14.13 i n c l u d e 
a grass, A g r o s t i s c a p i l l a r i s ; a v e r n a l species, Hyacinthoides non-
s c r i p t a ; a s e e d l i n g of a summer-green species, D i g i t a l i s purpurea; 
and an evergreen species, Hedera and Rubus. Likewise i n 55.16, where 
i t i s a young p l a n t , two other species are seedlings new t o the s i t e , 
Hypericum pulchrum and Juncus e f f u s u s • Two o t h e r s are semi-evergreen, 
v e r n a l species, Luzula m u l t i f l o r a and L. p i l o s a and one i s an ever-
green, Hedera. There i s also a summer-green grass, A. s t o l o n i f e r a . 
The aggressive Rubus and Lonicera are a l s o present but kept i n check 
by the e s t a t e p r a c t i c e of weeding annually i n the f i r s t two years 
of sub-unit establishment. 
When the species number i n the sub-quadrat has decreased t o 
t h r e e , the remaining i n d i v i d u a l s are sparse, spread apart and semi-
or completely evergreen, Blechnum, D r y o p t e r i s , Hedera and Rhododendron 
The suggestion here i s t h a t success depends not on short term i n t e r -
s p e c i f i c c o m p e t i t i o n , but r a t h e r i n the a b i l i t y t o t o l e r a t e long 
term s t r e s s e i t h e r w i t h an evergreen s t r a t e g y and hence the a b i l i t y 
t o take advantage of any favourable growth c o n d i t i o n s over the whole 
year or w i t h the a b i l i t y t o t o l e r a t e extremely low l i g h t j u s t d u r i n g 
the growing season and t o even reproduce under these c o n d i t i o n s . 
The f a c t the Athyrium dies back e a r l i e r under these c o n d i t i o n s and 
i s gone by October i n 55.11, suggests i t w i l l e v e n t u a l l y disappear 
here, unless subsequent B - Plan c l e a r i n g increases the s i d e - l i g h t 
t o t h i s s u b - u n i t . 
The percentage s i m i l a r i t i e s of Athyrium p a i r e d w i t h species 
having e i t h e r semi-evergreen or evergreen p h e n o l o g i c a l s t r a t e g i e s , 
mean = 78%, are s i g n i f i c a n t l y g r e a t e r , using a o n e - t a i l e d Mann-
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Whitney U-test, (p = 0.0028) than Athyrium p a i r e d w i t h v e r n a l and 
summer-green species i n c l u d i n g Rubus, Lonicera and the grasses, nean = 54%. 
This i s due t o the tendency of Athyrium t o u n f u r l i t s fronds i n 
A p r i l and m a i n t a i n more or less the same cover throughout the growing 
season, i n a s i m i l a r manner t o the semi-evergreen or evergreen species. 
Along w i t h Athyrium, many of these species have the s i m i l a r c o m p e t i t i v e » 
advantage of low compensation p o i n t s . 
The d i s t r i b u t i o n of Athyrium i n Tavistock Woodlands appears 
to be d i r e c t l y c o n t r o l l e d by B - Plan management, p r i m a r i l y because 
i t i s able t o e x p l o i t the p r o t e c t i o n and h i g h r e l a t i v e h u m idity 
a f f o r d e d by the small gaps w i t h i n a continuous canopy. I t s s t r a t e g y 
of s t r e s s t o l e r a n c e , r a t h e r than evergreeness, or r u d e r a l or v e r n a l 
growth means t h a t i t can m a i n t a i n a f o o t h o l d longer i n a s i t e than 
species w i t h these other three s t r a t e g i e s . When c o n d i t i o n s become 
too s t r e s s f u l as w i t h the c l o s i n g of the B - Plan canopy, Athyrium 
can r e - e s t a b l i s h i t s e l f i n the more favourable c o n d i t i o n s o f new 
adjacent, more open B - Plan sub-units, because i t appears t o have the 
a b i l i t y t o reproduce under low l i g h t c o n d i t i o n s . 
Hypericum pulchrum 
Hypericum pulchrum i s a warm season p e r e n n i a l coppice species 
which i s l o n g - l i v e d i n the seed bank (Grubb, 1977; Rackham, 1980a). 
I t i s c h a r a c t e r i s t i c of h i g h l y a c i d s o i l s i n woodland or rough grass-
land (Tansley, 1968), 
Hypericum i s found more f r e q u e n t l y i n the B - Plan sub-quadrats 
of the 19 quadrats of phase I I I , as w e l l as i n the B - Plan sub-
quadrats of the e i g h t s p e c i a l quadrats of phase IV (Tables 8.1. 
and 8.2.). I t i s found here i n f i v e sub-quadrats, three of which 
are in.B - Plan sub-units. . Of the three ' u b i q u i t o u s ' B - Plan species, 
Hypericum I s s t r o n g l y associated w i t h Rubus and Hedera and not very 
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s t r o n g l y w i t h Lonlcera (Table 8.9.). I t i s al s o associated w i t h 
A g r o s t i s s t o l o n i f e r a , Juncus e f f u s u s and Luzula p i l o s a (Table 8.9.). 
Hypericum i s found once w i t h Blechnum spicant and once w i t h A g r o s t i s 
c a p l l l a r i s . These two species w i t h Luzula and Hypericum are among 
Bunce*s (1982) i n d i c a t o r s of a c i d brown earths i n the open or i n 
woodland. 
Table 8.9, Percentage frequency of occurrence of some species 
i n those sub-quadrats w i t h Hypericum pulchrum compared 
to percentage frequency of occurrence of these species 
i n a l l the I I I sub-quadrats of the e i g h t s p e c i a l 
quadrats i n phase IV'. 
Species Percentage Percentage Percentage 
frequency i n the frequency i n the frequency i n the 
t o t a l f i v e sub- three B - Plan t o t a l 111 sub-
quadrats where sub-quadrats quadrats 
Hypericum occurs where Hypericum 
occurs 
A g r o s t i s 
s t o l o n i f e r a 
Hedera h e l i x 
Juncus 
effu s u s 
Lonicera 
periclymenum 




















The three B - Plan sub-quadrats where Hypericum i s found are 
f a i r l y newly cleared* 55,15 and 55,16 were c l e a r e d two years before 
sampling, and 56.14 was cleared nine years before sampling. Figure 
8.1. shows the ph e n o l o g i c a l p a t t e r n s f o r these sub-quadrats f o r 
the 1982 season. I n 55.16 Hypericum appears as a seed l i n g i n August 
I t f l o w e r s i n the open of 55.15 e a r l i e r ( i n June) than i n the nine 
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year o l d c l e a r i n g of 56.14. Likewise, i t also shows no signs of 
d e t e r i o r a t i o n i n the open of 55.15 by the end of October, but i t 
does i n the more closed sub-quadrat 56.14. As expected i n a p l a n t 
found i n both woodland and open grasslands, the f a c t o r s 
of both d i f f u s e and d i r e c t l i g h t i n the f i v e sub-quadrats where 
i t occurs are not s i g n i f i c a n t l y d i f f e r e n t from those o f the non-
B - Plan sub-quadrats w i t h o u t Hypericum i n quadrats 55 and 56. 
I t does not occur i n any sub-quadrat w i t h p a r t i c u l a r l y low or h i g h 
l i g h t v a l u e s , e i t h e r d i f f u s e or d i r e c t , hence probably does 
not have as wide a l i g h t t o l e r a n c e as Athyrium f i l i x - f e m i n a or 
D r y o p t e r i s d i l i t a t a or need l i g h t l e v e l s as high as D i g i t a l i s 
purpurea, Carex p i l u l i f e r a or Luzula. 
Hypericum appears t o be able t o e s t a b l i s h i t s e l f i n new 
B - Plan c l e a r i n g s and remain at l e a s t up t o nine years a f t e r 
c l e a r i n g . Where i t occurs under the main canopy i n 55.1 and 55.8, 
i t i s on the edge of a rackway where i t could be a f f e c t e d by the 
f o r e s t r y o p e r a t i o n s . There i s the suggestion t h a t l i k e D i g i t a l i s , 
the c o m p e t i t i v e advantage of Hypericum l i e s i n i t s seed bank. I t 
i s found i n 88 of the t o t a l 160 samples i n the seed bank study and 
i n every quadrat. Like D i g i t a l i s , i t s seeds could w e l l be dark 
i n h i b i t e d (Fenner, 1985) t o a l l o w them t o become p a r t of the per-
s i s t e n t seed bank. Hypericum thus has the p o t e n t i a l t o respond 
t o B - Plan c l e a r i n g s , but w i t h less i n t e n s i t y than D i g i t a l i s because 
of the lower numbers i n the seed bank, a maximum of 37 i n d i v i d u a l s 
occurred i n a sample. Thompson and Grime (1979) group species 
i n t o f o u r groups on the basis of t h e i r behaviour i n the seed bank 
(Se c t i o n 7.1.). The suggestion i s t h a t Hypericum belongs t o group 
I I I , i n which most seeds germinate a f t e r shedding, but some become 
in c o r p o r a t e d i n t o the p e r s i s t e n t seed bank. Group IV i s a v a r i a t i o n 
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of group I I I o n ly i n degree ( S e c t i o n 7.1.). Most seeds shed i n 
t h i s group become in c o r p o r a t e d i n the p e r s i s t e n t seed bank. Although 
Thompson and Grime c l a s s i f y D i g i t a l i s i n group I I I , the suggestion 
from Tavistock Woodlands i s t h a t i t would b e t t e r f i t i n t o the group 
IV category. To make up f o r the lower numbers of v i a b l e seed i n 
the seed bank compared t o D i g i t a l i s , Hypericum appears to be capable 
of remaining i n the ground f l o r a f o r a longer p e r i o d of ti m e , up 
t o nine years i n 56.14 (Table 5. 11.). 
Where Hypericum i s i n the r e c e n t l y c l e a r e d s u b - u n i t s i t grows 
w i t h e i g h t d i f f e r e n t species, at nine years a f t e r c l e a r i n g w i t h 
f o u r species, and under the main canopy w i t h up t o s i x d i f f e r e n t 
species. The species i t occurs w i t h e x h i b i t v a r y i n g p h e n o l o g i c a l 
p a t t e r n s (Figure 8.1.), a r e s u l t of the tendency t o reduce c o m p e t i t i o n 
i n space. Hypericum's slender, s t r a g g l e y h a b i t , growing up t o 60cm, 
gives i t the p o t e n t i a l t o grow up and around aggressive species 
l i k e Rubus t o reach the l i g h t , a c o m p e t i t i v e advantage t h a t o t h e r 
l i g h t demanding r o s e t t e - f o r m i n g species l i k e Luzula or Carex do 
not have. 
The d i s t r i b u t i o n of Hypericum i n space and time appears t o 
be a f f e c t e d by B - Plan management. I t occurs i n the ground f l o r a 
p a r t i c u l a r l y i n places t h a t have, i n the recent past, been a f f e c t e d 
by management d i s t u r b a n c e . I n a d d i t i o n , although i t s u r v i v e s i n 
the seed bank up t o 41 years a f t e r a c l e a r - f e l l i n quadrat 56, the 
numbers are much lower than those i n the younger B - Plan s u b - u n i t s . 
Likewise under the over-mature coppice of quadrat 52 there i s o n l y 
one i n d i v i d u a l i n the seed bank samples. I t seems t h a t between 
40 t o 60 years Hypericum decays r a p i d l y i n the seed bank and t h e r e f o r e 
may not be able t o s u r v i v e a 55 year even-aged c o n i f e r r o t a t i o n 
i n any great numbers. However, H i l l and Stevens (1981) found a 
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few seeds of Hypericum spp. i n an o l d p l a n t a t i o n seed bank t h a t 
may have been there over LOO years. The c o n t i n u a l c l e a r i n g of B - Plan 
management would no doubt serve t o r e g u l a r l y r e p l e n i s h the d i s t r i b u t i o n 
of Hypericum i n time. 
8.3. Temporal and s p a t i a l p a t t e r n s - a summary 
The species i n B - Plan communities were d i v i d e d i n t o s e v e r a l 
sets and sub-sets based on t h e i r c o m p e t i t i v e and p h e n o l o g i c a l 
s t r a t e g i e s . 
Set 1 - H i g h l y c o m p e t i t i v e shrubby species - the 
'ubi q u i t o u s ' T a v i s t o c k Woodlands species 
Set 2 - Ruderal species 
Set 3 - Perennial species of l e s s e r c o m p e t i t i v e a b i l i t y 
Sub-set 1 - Cool season species 
Sub-set 2 - Warm season species 
Many species i n sets 2 and 3 were more f r e q u e n t l y found i n B - Plan 
s u b - u n i t s . Six of these more frequent species Athyrium f i l i x - f e m i n a , 
Carex p i l u l i f e r a , D i g i t a l i s purpurea, D r y o p t e r i s d i l i t a t a , Hypericum • 
pulchrum and Luzula p i l o s a were se l e c t e d and examined i n d e t a i l . 
P a r t i c u l a r l y s i g n i f i c a n t about most of these s i x species was 
the f i n d i n g t h a t B - Plan management appears t o a f f e c t t h e i r d i s t r i -
b u t i o n i n time and space. F i r s t l y , c o n t i n u a l c l e a r i n g s of v a r y i n g 
ages enable r u d e r a l species t o e x i s t i n both time and space i n v a r i o u s 
l i f e stages. Secondly, the d i s t r i b u t i o n of species i n time, l i k e 
those of oak coppice which r e l y on seed bank s t r a t e g i e s i s enhanced 
under B - Plan management by the p r o v i s i o n of c o n t i n u a l o p p o r t u n i t i e s 
f o r seed bank replenishment. T h i r d l y , B - Plan provides a c o n s t a n t l y 
moving p a t t e r n i n space of s u i t a b l e niches f o r s t r e s s s u s c e p t i b l e 
species t o e x p l o i t . 
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CHAPTER 9. DISCUSSION AND CONCLUSIONS 
CHAPTER 9. DISCUSSION AND CONCLUSIONS 
9.1, I n t r o d u c t i o n 
The prime aim of t h i s t h e s i s was the e v a l u a t i o n of the e c o l o g i c a l 
and c o n s e r v a t i o n i n t e r e s t of the ground f l o r a under the e a r l y stages 
of the Bradford-Hutt continuous canopy system of f o r e s t r y management -
B - Plan. To achieve t h i s aim, f o u r d i s t i n c t o b j e c t i v e s were d e f i n e d . 
The f o l l o w i n g i s a d i s c u s s i o n of each of these o b j e c t i v e s , the 
extent t o which t h i s study has f u l f i l l e d each of them and the areas 
where a need f o r f u r t h e r study has been I d e n t i f i e d . 
9.2. O b j e c t i v e 1 - Determination of the f l o r i s t i c composition of 
the ground f l o r a under B - Plan stages I - V and comparison 
w i t h adjacent areas o f c l e a r - f e l l f o r e s t r y 
The phase I t r e e survey (Figures 1.4. and 3.1.) revealed t e n 
d i f f e r e n t canopy types ( s e c t i o n 4.2.2.). A n a l y s i s of the ground 
f l o r a under these types i n phase I ( s e c t i o n 5.2.2.) showed t h a t 
the d i f f e r e n c e s i n community composition were p r i m a r i l y a r e f l e c t i o n 
of past h i s t o r y and management, w i t h three major groups being i d e n t i f i e d 
a) those on former heathland; 
b) those on c o n t i n u o u s l y wooded s i t e s s t i l l r e l i c oak coppice; 
c) those on a mixture of s i t e s of both heathland and woodland 
o r i g i n s . 
The h i s t o r i c a l o r i g i n of the s i t e s was r e f l e c t e d i n a v e g e t a t i o n a l 
community g r a d i e n t from shady, damp-loving woodland species t o d r i e r , 
light-demanding heathland species ( F i g u r e 5.2.), 
I n phase I I , these ten major canopy types were surveyed w i t h 
the emphasis on sampling of the ground f l o r a i n B - Plan s u b - u n i t s . 
When the r e s u l t s were analysed ( s e c t i o n 5.3.2.), the community g r a d i e n t 
apparent at phase I was revealed again. This g r a d i e n t was examined 
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f u r t h e r and found t o be c o r r e l a t e d w i t h two u n d e r l y i n g environmental 
g r a d i e n t s ; l i g h t , as measured by canopy c l o s u r e (moosehorn) and 
s o i l moisture ( s e c t i o n 5.3.3.). Further a n a l y s i s at phase I I of 
only the sub-quadrats i n B - Plan sub-units showed t h a t these 
environmental and v e g e t a t i o n a l g r a d i e n t s were a l s o r e l a t e d t o the 
age and m a t u r i t y of the B - Plan sub-units ( s e c t i o n s 5.3.6. and 
5.3.7.). 
The changes i n v e g e t a t i o n a l communities along these e n v i r o n -
mental g r a d i e n t s were shown t o be of a q u a l i t a t i v e nature ( i n phase 
I I ) , and c e r t a i n groups of ground f l o r a species were found t o be 
associated w i t h B - Plan sub-units of d i f f e r i n g ages since c l e a r i n g 
(Table 5.11.). These q u a l i t a t i v e changes were also q u a n t i t a t i v e 
i n nature, i n terms of decreasing species numbers and abundance 
w i t h i n c r e a s i n g successional m a t u r i t y of the B - Plan sub-units 
(Figures 5.9.-5.11.). These changes were found t o be s i m i l a r t o 
the successional changes i n three even-aged p l a n t a t i o n s of d i f f e r i n g 
ages (Figures 5.12-5.14, s e c t i o n 5.4.3.). The most s i g n i f i c a n t 
d i f f e r e n c e between the changes i n the B - Plan s u b - u n i t s compared 
t o those i n the even-aged p l a n t a t i o n s was t h a t the changes i n the 
sub-units occurred i n space as w e l l as time, w h i l e those i n the 
p l a n t a t i o n s occurred only over time. 
Many of the successional species revealed i n phase I I (Table 
5.11.) were found t o occur more f r e q u e n t l y i n B - Plan sub-units 
than under the adjacent c l e a r - f e l l canopies. These were i n v e s t i g a t e d 
f u r t h e r under o b j e c t i v e 4 and r e s u l t s were presented i n Chapter 8. 
Although the species d i v e r s i t y was not expected t o be h i g h 
on the a c i d s o i l s of the Tavistock Woodlands, the B - Plan management 
system i s able t o m a i n t a i n t h i s d i v e r s i t y w i t h i n the mosaic of sub-
u n i t c l e a r i n g s . 
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I n a t h e o r e t i c a l d i s c u s s i o n of d i v e r s i t y and s t a b i l i t y , Orians 
(1975) suggests t h a t t h i s s p a t i a l h e t e r o g e n e i t y of the environment 
leads t o s t a b i l i t y . Heterogeneity acts as a b u f f e r t o produce 
long term s t a b i l i t y ( W h i t t a k e r , 1975; Margalef, 1975). 
B - Plan c l e a r i n g at s i x - y e a r l y i n t e r v a l s through the 54 year 
c y c l e i n adjacent 6 x 6m sub-units provides gaps f o r random c o l o n i -
z a t i o n and encourages the n a t u r a l successional sequences, so t h a t 
species form a l l successional stages can c o n t r i b u t e t o d i v e r s i t y , 
as shown i n Chapters 5 and 8. Horn (197A) s t a t e s t h a t some degree 
of d i s t u r b a n c e i s needed f o r a system t o r e a l i z e i t s maximum p o t e n t i a l 
d i v e r s i t y . 
D i v e r s i t y and s t a b i l i t y depend not on each o t h e r , but on e x t e r n a l 
p r o p e r t i e s of the ecosystem and environmental s t a b i l i t y (Margalef, 
1975). S t a b i l i t y also depends on environmental p r e d i c t a b i l i t y 
( P i e l o u , 1975) and acts through i t s e f f e c t on the a v a i l a b i l i t y of 
resources ( W h i t t a k e r , 1972). The s t r a t i f i c a t i o n of space and time 
of B - Plan t r e e s helps t o provide a degree of environmental s t a b i l i t y 
by reducing the e f f e c t s of extreme c l i m a t i c events, i . e . f r o s t , 
drought and wind ( P i e l o u , 1975). I n the Tavistock Woodlands, the 
h e t e r o g e n i t y of species and h a b i t a t i s enforced, c r e a t i n g a mixed 
age s t r u c t u r e t h a t Bormann and Likens (1979) r e f e r t o as the " s h i f t i n g 
mosaic steady s t a t e " , c h a r a c t e r i s t i c of an ageing and more d i v e r s e 
f o r e s t . Whittaker (1972) compared t h i s type of f o r e s t canopy 
favo u r a b l y w i t h t h a t o f a closed canopy, evergreen f o r e s t , the former 
having a mosaic of shade, sun and s o i l r e s u l t i n g i n greater species 
d i v e r s i t y . 
P i e l o u (1975) describes a s u b s t r a t e - patchiness e f f e c t which 
reduces the c o m p e t i t i o n between species. A species w i l l not compete 
w i t h another occupying a d i f f e r e n t s u b s t r a t e ( o r m i c r o - h a b i t a t ) . 
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As a r e s u l t , a g r e a t e r number of species can c o - e x i s t i n the same 
area. This s u b s t r a t e - patchiness i s g r e a t e s t i n a sequence of 
successional h a b i t a t s such as i s present i n both space and time 
under B - Plan management. Here species can reach t h e i r g r e a t e s t 
numbers (Whitmore, 1982). The c y c l e i n B - Plan can also be l i k e n e d 
t o the concept of c y c l i c r e g e n e r a t i o n described by Watt (1947). 
The rackways and r i d e s i n Tavistock Woodlands are a separate 
community, whose ground f l o r a c o n t r i b u t e s t o d i v e r s i t y - a n d e c o l o g i c a l . 
i n t e r e s t . These m e r i t f u r t h e r study which would c o n t r i b u t e t o a 
b e t t e r understanding of conservation value under the B - Plan system. 
The shrubs surveyed at phase I I I showed t h a t , although the 
d i v e r s i t y and s t r u c t u r e of both the upper and lower shrub l a y e r s 
i s s t r o n g l y a f f e c t e d by B - Plan management, t h i s management f a v o u r a b l y 
i n f l u e n c e s the r e g e n e r a t i o n of two e c o l o g i c a l l y important species, 
Betula spp. and Quercus x rosacea ( s e c t i o n 4.5.6.). 
I n summary, the i n i t i a l o b j e c t i v e of the t h e s i s , the study 
of ground f l o r a under the f i r s t f i v e stages of B - Plan has been 
achieved. The o v e r a l l r e s u l t s i n d i c a t e t h a t B - Plan, conserves 
the ground f l o r a and maintains e c o l o g i c a l i n t e r e s t through the c y c l e 
to date. Further study of the ground f l o r a at the end of the 54-
year c y c l e would c l e a r l y be extremely v a l u a b l e . I n a d d i t i o n t o 
examining the f u r t h e r changes i n e x i s t i n g s u b - u n i t s , the changes 
of the ground f l o r a i n new sub-units c l e a r e d over the next 25 years 
would prove very i n t e r e s t i n g , p a r t i c u l a r l y when compared w i t h those 
already s t u d i e d . 
Another important idea would be a study of B - Plan a f t e r 
f u l l implementation of the system i n the long term over 2-3 r o t a t i o n s 
(100-150 y e a r s ) . One of the major problems of s t u d i e s i n woodlands 
i s the long time scale needed t o study e c o l o g i c a l change. The ground 
f l o r a under a 100-year o l d B - Plan system could be s i g n i f i c a n t l y 
d i f f e r e n t t o t h a t found i n t h i | ^ ^ u r v e y of the e a r l y stages. 
9.3. O b j e c t i v e 2 - Examination of the environmental c o n t r o l s a f f e c t i n g 
f l o r i s t i c composition under e a r l y B - Plan and i n p a r t i c u l a r 
t o study l i g h t as an e c o l o g i c a l f a c t o r 
The v e g e t a t i o n a l communities under B - Plan management s t u d i e d 
i n phases I and I I can be arranged along a g r a d i e n t c o r r e l a t e d w i t h 
both canopy cl o s u r e as a primary g r a d i e n t and s o i l moisture as a 
secondary g r a d i e n t . The primary g r a d i e n t of l i g h t , as represented 
by canopy c l o s u r e and i t s e f f e c t s on the ground f l o r a were then 
examined i n more d e t a i l . Hemispherical photographs were used at 
phase IV as an i n d i r e c t measure of both d i f f u s e and d i r e c t l i g h t 
(Chapter 6 ) . 
The r e s u l t s of a n a l y s i s of the photographs from the sub-quadrats 
i n phase IV showed t h a t both d i f f u s e and d i r e c t l i g h t were h i g h l y 
c o r r e l a t e d w i t h the v e g e t a t i o n a l community g r a d i e n t ( s e c t i o n 6.2.1.), 
The community g r a d i e n t from light-demanding, heathland species t o 
shady, damp-loving species, as represented by the i n d i c a t o r s and 
p r e f e r e n t i a l s from the c l a s s i f i c a t i o n groups of phase IV (Table 
6.3.), i s a r e f l e c t i o n of a slow decrease i n q u a n t i t y of d i f f u s e 
and d i r e c t l i g h t through B - Plan stages. 
The r e c e n t l y c l e a r e d B - Plan s u b - u n i t s , w i t h the highest 
number and abundance of species, r e c e i v e d higher l i g h t I n t e n s i t i e s ; 
w h i l e the closed canopy of the o l d e r s u b - u n i t s , w i t h the sparsest 
ground f l o r a , received the lowest l i g h t i n t e n s i t i e s . Thus the changing 
p a t t e r n of l i g h t reaching the ground under B - Plan management i s 
the prime f a c t o r c o n t r o l l i n g the mosaic of successional communities 
w i t h i n areas under B - Plan management. 
The problems and l i m i t a t i o n s of s t u d y i n g the l i g h t environment 
i n woodlands were discussed i n Chapters 3 and 6. Good r e l a t i v e 
values f o r s h o r t wavelength r a d i a t i o n were obtained from the a n a l y s i s 
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of h emispherical photographs enabling r e l a t i v e d i f f e r e n c e s under 
B - Plan stages t o be measured and compared w i t h ground f l o r a v a r i a t i o n 
However, there are sev e r a l ways i n which the l i g h t s t u d i e s 
could be improved. F i r s t l y , a 180' f i s h e y e lens would give s t i l l 
g r e a t e r accuracy p a r t i c u l a r l y f o r d i r e c t l i g h t measurements. Secondly, 
f o r more d e t a i l e d assessment of the l i g h t c l i m a t e under deciduous 
canopies, t h e t a k i n g o f photographs throughout the year would be 
a s u b s t a n t i a l improvement. 
9.4. O b j e c t i v e 3 - Seed bank s t u d i e s 
As p a r t of the d e t a i l e d examination of B - Plan management 
i n phase IV, the seed bank was s t u d i e d t o dis c o v e r : 
a) i f the species i n the seed bank were the same as those 
i n the ground f l o r a ; 
b) whether any of the former oak coppice species, not i n 
the ground f l o r a , were s t i l l i n the seed bank; 
c) whether the seed bank was a r e f l e c t i o n of past management. 
I f so, t h i s could have i m p l i c a t i o n s f o r f u t u r e d i v e r s i t y ; 
d) can study of the seed bank be used as the basis f o r value 
judgments about the c o n s e r v a t i o n / p o t e n t i a l of B - Plan? 
Discussion 
a) Some species i n the seed bank were the same as i n the 
ground f l o r a . However, an i n c r e a s i n g d i f f e r e n c e between 
the seed bank and the ground f l o r a w i t h i n c r e a s i n g m a t u r i t y 
of B - Plan sub-units was observed. This i s s i m i l a r 
t o the successional p a t t e r n over time i n n a t u r a l f o r e s t s 
(Figures 7.1.-7.3.). However, under B - Plan management, 
successional change takes place i n time as w e l l as i n 
a very small u n i t of space, 20 x 20m, w h i l e the succes-
s i o n a l changes i n n a t u r a l f o r e s t s take place only i n 
time over l a r g e g e o g r a p h i c a l l y separated areas. 
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b) Some of the former oak coppice species not present i n 
the ground f l o r a were present i n the seed bank of c e r t a i n 
quadrats. The most s i g n i f i c a n t f i n d i n g of t h i s p a r t 
of the seed bank study was t h a t one quadrat, number 55, 
had been able t o r e t a i n a wider complement of coppice 
species i n both the seed bank and the ground f l o r a d e s p i t e 
the presence of a Pseudotsuga m e n z i e s i i canopy. The 
implementation of B - Plan i n t o t h i s canopy i n 1961 appears 
t o have conserved the oak coppice ground f l o r a assemblage 
which was, at t h a t t i m e , o n l y i n the seed bank. 
c) The seed bank i s a r e f l e c t i o n of past management. 
C o n i f e r i z a t i o n e a r l y i n the 1800*s appears to have had 
an adverse a f f e c t on the seed bank i n some s i t e s ( s e c t i o n 
7.3.1.). This i s i n marked c o n t r a s t to the c o n s e r v a t i o n 
of the seed bank and the ground f l o r a i n quadrat 55 which 
was a r e l i c oak coppice u n t i l 1950. The i m p l i c a t i o n 
of t h i s i s t h a t once c o n i f e r i z a t i o n has proceeded beyond 
sev e r a l r o t a t i o n s , any species of former oak coppice 
seed banks are s e r i o u s l y reduced. 
d) Two r e s u l t s of the seed bank study are p a r t i c u l a r l y 
s i g n i f i c a n t i n Judging f a v o u r a b l y the c o n s e r v a t i o n based 
m e r i t s of B - Plan. F i r s t l y , the presence under B - Plan 
management of successional trends s i m i l a r t o those i n 
n a t u r a l f o r e s t successions but r e p l i c a t e d i n space as 
w e l l as time. Secondly, the f a c t t h a t i n one quadrat 
the coppice species have been r e t a i n e d under B - Plan 
management i n s p i t e of c o n i f e r i z a t i o n and i n c o n t r a s t 
t o the depleted seed bank of the r e l i c oak coppice i n 
quadrat 52. 
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There were se v e r a l l i m i t a t i o n s t o the seed bank study. F i r s t l y , 
the sampling method was imperfect and hence d i s t r i b u t i o n of seed 
i n r e l a t i o n t o depth was not s t u d i e d . This could have y i e l d e d more 
i n f o r m a t i o n about past management. Secondly, a q u a n t i t a t i v e study 
of the seed bank, c o n c e n t r a t i n g on B - Plan areas l i k e the s i t e 
of quadrat 55, compared t o other c o n t i n u o u s l y wooded s i t e s which 
were c o n i f e r i z e d i n the 1800*s, would add the f u r t h e r I n f o r m a t i o n 
necessary f o r a f u l l assessment of the e c o l o g i c a l b e n e f i t s of 
B - Plan. 
9.5. O b j e c t i v e 4 - A n a l y s i s of c e r t a i n aspects of the phenology 
of the ground f l o r a 
The d e t a i l e d p h e n o l o g i c a l s t u d i e s described i n Chapter 8 on 
s e l e c t e d species from the successional sequences under B - Plan 
(Table 5.11.) and found more f r e q u e n t l y i n B - Plan s u b - u n i t s , were 
revealed t o be extremely d i v e r s e i n t h e i r c o m p e t i t i v e s t r a t e g i e s . 
This d i v e r s i t y was expressed i n terms of phenology, t h e i r a b i l i t y 
t o t o l e r a t e s t r e s s and i n t h e i r seed bank behaviour. This appeared 
t o be p a r t i c u l a r l y t r u e of the species i n the r e c e n t l y c l e a r e d 
B - Plan s u b - u n i t s . Here, the species d i v e r s i t y and abundance was 
h i g h , r e s u l t i n g i n increased c o m p e t i t i o n . These selected species 
also appear t o be a f f e c t e d by B - Plan management i n terms of t h e i r 
d i s t r i b u t i o n i n both time and i n space. 
The p h e n o l o g i c a l s t u d i e s could be improved f u r t h e r i f the 
communities were sampled bi-monthly throughout the year and percentage 
s i m i l a r i t i e s were computed f o r those data. These more d e t a i l e d 
data are v i t a l i f the percentage s i m i l a r i t y approach t o p h e n o l o g i c a l 
study i s t o be used t o best e f f e c t . 
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9.6. Conclusions 
A number of economic, production and e c o l o g i c a l advantages 
have been claimed f o r selection-based f o r e s t r y management systems 
(Chapters 1 and 2 ) . This study has shown t h a t B - Plan management 
as a form of 'cre a t i v e conservation* (O'Connor, 1974), creates e c o l o g i c a l 
i n t e r e s t and d i v e r s i t y ^ i n both space and i n time w i t h a mosaic of 
sub-units of d i f f e r i n g successional m a t u r i t y . The system also creates 
the p o t e n t i a l f o r f u t u r e d i v e r s i t y i n the seed bank, a l l w i t h i n 
the confines of commercial f o r e s t r y management. This c r e a t i o n of 
a heterogeneous environment, s i m i l a r t o the t r a d i t i o n a l coppice 
w i t h standards, i s suggested by Peterken (1981) as e s s e n t i a l f o r 
conservation-conscious woodland management. 
Although t h i s t h e s i s has concentrated on the ground f l o r a 
under B - Plan, there i s evidence t h a t B - Plan may also conserve 
other components of the ecosystem. Small scale surveys by the R.S.P.B. 
have i n d i c a t e d increased o r n i t h o l o g i c a l i n t e r e s t (Smart, pers, comm.; 
Smart and Andrews, 1985) and also increased entomological i n t e r e s t 
as i s demonstrated by the recording of the Heath F r i t i l l e r y i n 
B - Plan areas dur i n g 1985 (Warren, 1984), 
E c o l o g i c a l and landscape advantages c l e a r l y e x i s t i n the B - Plan 
approach t o f o r e s t r y management. However, balancing these against 
the economic arguments f o r and against c l e a r - f e l l systems has been 
and probably always w i l l be extremely d i f f i c u l t , 
9.6.1.The f u t u r e of B - Plan management i n the Tavistock Woodlands 
Estate 
With the death of the 6th Ear l of Bradford i n 1981. the estate 
was forced f o r tax reasons t o r e a l i z e some of i t s assets. Consequently, 
the d e c i s i o n was made to increase f e l l i n g of the macure canopy surrounding 
established B - Plan u n i t s i n places where e x t r a c t i o n was d i f f i c u l t ; 
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on steep s l o p G s and where large, over-mature t r e e s , planted i n the 
1920's, were damaging the new p l a n t i n g s d u r i n g e x t r a c t i o n . As a r e s u l t , 
the area of the estate under B - Plan management has been reduced from 
50% to 25%. 
B - Plan i s s t i l l viewed as a sound management system by the 
estate managers, but present f i n a n c i a l c o n s t r a i n t s on the 7th Ea r l 
mean t h a t , although the *25% of the estate s t i l l under B - Plan w i l l 
remain so, no new areas w i l l be taken i n t o the system f o r the foreseeable 
f u t u r e (Dyer, pers. comm.). There are two primary reasons f o r these present 
f i n a n c i a l r e s t r i c t i o n s on B - Plan. F i r s t l y , the t a x a t i o n schedule 
i n woodlands does not favour a system l i k e B - Plan. The estate gains 
much greater f i n a n c i a l advantage under schedule D f o r r e p l a n t i n g a f t e r 
c l e a r - f e l l i n g then under schedule B, which c u r r e n t l y applies to B - Plan 
management. However, the estate management i s n e g o t i a t i n g w i t h the 
inl a n d revenue o f f i c e f o r a more favourable tax concession f o r B - Plan 
management. I f a more favourable tax concession i s granted than the 
area under B - Plan management may once again increase. Secondly, 
although the production and economic advantages of B - Plan are l i k e l y 
to be greater i n the f u t u r e , when a l l nine sub-units are planted and 
the f i r s t f i n a l crop trees are harvested, the costs of e s t a b l i s h i n g 
B - Plan w i t h i n the optimun-aged 15 to 20 year o l d p l a n t a t i o n cannot be 
borne by the estate at the present time (Dyer, pers. comm.). I f l e f t 
even-aged, these p l a n t a t i o n s w i l l begin to b r i n g i n much needed revenue 
to the estate w i t h the f i r s t s u b s t a n t i a l t h i n n i n g s at 30 years. 
Thus, i t i s the present economic climate i n f o r e s t r y and not 
the merits or f a i l i n g s o f the B - Plan management system which threatens 
i t s c o n t i n u a t i o n . G a r f i t t (1986) f e e l s t h a t the economic system 
of net discounted revenue, where the tree growth rates are compared 
w i t h the a r t i f i c i a l i n t e r e s t rates a p p l i c a b l e i n i n d u s t r y , i s 
not appropriate i n f o r e s t r y . The cost of r e - s t o c k i n g should be 
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charged on the o l d crop at harvest time. This would remove the 
economic c o n s t r a i n t s , f o r c i n g f o r e s t e r s t o p l a n t quick-growing c o n i f e r s 
and would encourage longer r o t a t i o n s i n a t t r a c t i v e woodlands producing 
high q u a l i t y t i m b e r , s i m i l a r t o the mixed s e l e c t i o n f o r e s t s on the 
c o n t i n e n t . Broadleaves would no longer be viewed as uneconomic. 
The c u r r e n t a t t i t u d e toward f o r e s t r y as an a g r i b u s i n e s s , as 
manifested i n the woodland tax schedule f a v o u r i n g c l e a r - f e l l i n g 
and i n the a p p l i c a t i o n of net discounted revenue f a v o u r i n g s h o r t -
term f i n a n c i a l g a i n must change. Only then w i l l f o r e s t r y management 
systems l i k e the Bradford-Hutt system of continuous canopy f o r e s t r y , 
w i t h it's c a r e f u l husbandry of woodlands as a t r u s t f o r the f u t u r e , 
gain the f i n a n c i a l support i t needs t o be more w i d e l y accepted. 
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